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Abstract
Understanding habitat use is a first step in conserving species at risk. The objectives of this study
were to determine the landscape, spatial, and habitat correlates of the number of bird Species of
Conservation Concern (SCC), avian species richness, and use by two species at risk during the
breeding season in Prince Edward Island (PEI) forested natural areas. Point counts (n = 29) and
detailed habitat surveys (n = 41) were conducted in 19 natural areas from June–August 2017 and
2018. Landscape features were quantified within 1, 5, and 10 km radii of each natural area. Of
the two species at risk, Canada Warbler (Cardellina canadensis) was detected at 15 sites and
Olive-sided Flycatcher at 3 sites, including locations of point count surveys and incidental
sightings. Sites with high species richness did not tend to support SCC. At the landscape scale,
the amount of mixed forest in the landscape was important for SCC. As well, SCC tended to use
areas that were closer to fresh water, further away from edges, and had more contiguous forest.
At the site level, SCC tended to use wet forests with less herbaceous cover and less coniferous
vegetation in the shrub layer. At the landscape level, Canada Warbler occupancy was associated
with more coniferous and mixed forest within 5 and 10 km of natural areas. At the site level,
Canada Warbler occupancy was associated with wet vegetation types, greater number of song
perches, more cinnamon fern (Osmundastrum cinnamomeum) in the low shrub layer, more
speckled alder (Alnus incana) in the tall shrub layer, and higher ground cover of Sphagnum
moss. Insufficient data precluded analysis of Olive-sided Flycatcher habitat use. Sites with
Canada Warbler tended to support other SCC. Results of this study suggest opportunities to
manage for both Canada Warbler and other SCC in PEI forested natural areas.
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Introduction

North American bird populations have endured significant losses in recent years. In their
recently published report, Rosenberg et al. (2019) detailed the decline of the North American
avifauna over the last 48 years. Based on long-term studies of both declining and increasing
species, the authors calculated a net loss of 2.9 billion birds across all ecosystems in North
America. Rosenberg et al. (2019) report that all forest environments have undergone a massive
loss of avian species, with a cumulative loss of more than a billion birds. The authors calculated
that bird species breeding in eastern forests have experienced a 17.4% decline from 1970−2017,
and that 63.5% of species that breed in eastern forests are in decline.
The decline of forest birds was also underscored by the North American Bird
Conservation Initiative Canada (NABCIC) in the State of Canada’s Birds Report 2019. The
report states that forest bird species that winter in South America and species that are forest crop
specialists (e.g., the Evening Grosbeak (Coccothraustes vespertinus)) have declined by 31% and
39%, respectively, since 1970. In contrast, forest birds that remain in Canada for the duration of
their life cycle have increased by 34% since 1970 (NABCIC, 2019, p. 8). The increase in forest
birds that remain in Canada for the winter was sufficient to offset the declining species, for an
overall increase of 6% in forest birds since 1970 (NABCIC, 2019, p. 8). Nevertheless, those
forest bird populations in decline should be considered in forest management.
Science-based management decisions and land conservation targets have resulted in the
recovery of some bird groups (NABCIC, 2019). For example, waterfowl in Canada have
increased by 150% since 1970 thanks to ongoing conservation and management of wetland
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habitats (NABCIC, 2019, p. 4). This demonstrates that, if habitat is protected and managed
appropriately, conservation efforts can be effective in recovering bird populations.
To halt further decline of forest birds, habitat must be identified, managed, and conserved
on breeding and wintering grounds, and migration routes. Research should be done locally,
where management practices will be applied, to ensure recommendations are germane for the
area under management (Sallabanks, Haufler, and Mehl, 2006, p. 1079). Furthermore, local
information is important because habitat use for a species can vary across its range (Environment
Canada, 2016a, p. 6).
Prince Edward Island (PEI) is a small (5656 km2) island province of eastern Canada,
situated in the Gulf of St. Lawrence (Environment Canada, 2013, p. 6). Forests in PEI provide
breeding habitat for approximately 130 bird species (Atlantic Canada Conservation Data Centre,
2019), including forest-nesting species at risk, the Canada Warbler (Cardellina canadensis),
Eastern Wood-pewee (Contopus virens), and Olive-sided Flycatcher (Contopus cooperi).
PEI is a data-poor region in terms of forest-nesting bird information, because no forest
bird research has been done in PEI since the early 1990s (Makepeace, 1993; Sabine, 1992). This
lack of forest bird data for PEI has been acknowledged in other studies (Haché et al., 2014, p. 19;
Westwood, Harding, Reitsma, & Lambert, 2017, p. 5). Additionally, no studies have examined
breeding season habitat use by forest-nesting species at risk in PEI, and the recovery strategies
for both Canada Warbler and Olive-sided Flycatcher state that data are insufficient to determine
critical habitat in PEI (Environment Canada, 2016a, 2016b).
Forest harvesting and management continues in PEI in the absence of forest bird data and
often without consideration of forest-nesting species at risk. The Bird Conservation Strategy for
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Bird Conservation Region 14 in Prince Edward Island and Marine Biogeographic Unit 12:
Atlantic Northern Forest and Gulf of St. Lawrence (Environment Canada, 2013) was developed
to support avian conservation efforts in PEI and the surrounding marine area. The strategy
provides recommended actions to take to address threats in various bird habitats. As
recommended actions for the conservation of all forest habitats in PEI (coniferous, deciduous,
and mixed wood), the strategy recommends the incorporation of avian conservation needs into
forest practices and management techniques and the development of best management practices
(Environment Canada, 2013, p. 35).
The current study was initiated by Island Nature Trust (INT), a private land trust with a
mandate to protect land and species at risk in PEI. INT owns over 1,700 hectares of protected
natural areas in PEI, including many forests. INT needed more information on the bird
communities and species at risk using their forested natural areas to inform their land
management practices and targeted land acquisition.
In this study I took a multi-species approach, examining patterns of habitat use by forest
birds in 19 natural areas and forested properties across PEI. I used point count data, detailed
habitat surveys, spatial data, and land-use data from the Province to examine relationships
between habitat, spatial, and landscape variables and avian species richness, number of Species
of Conservation Concern (SCC), and presence of two species at risk, Canada Warbler and Olivesided Flycatcher.
The questions I hoped to answer were: (1) how do landscape composition (e.g. area of
forest types, area of development, etc.), spatial relationships (e.g. distance to edge, distance to
agriculture, etc.), and forest site features (e.g. species composition, ground composition, shrub
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frequency, etc.) influence avian diversity in PEI forested natural areas?, and (2) how do
landscape composition (e.g. area of forest types, area of development, etc.), spatial relationships
(e.g. distance to edge, distance to agriculture, etc.), and forest features (e.g. species composition,
ground composition, shrub frequency, etc.) influence Canada Warbler and Olive-sided
Flycatcher occupancy in PEI forested natural areas?
Through this study, I sought to provide management recommendations to enhance and
protect forest bird habitat in PEI. At the landscape scale, results could help prioritize land
acquisitions for conservation groups and governments, and stand-scale information could inform
best management practices for conservation groups, governments, and private woodlot owners.

Focal Area
PEI, as well as most of NS and NB, lies within the Acadian Forest Region. The Acadian
forest is considered an intermediate forest because it includes species characteristic of both the
boreal forest that lies to the north and the deciduous forest that lies to the south (Loo & Ives,
2003, p. 462). Species that characterize the Acadian forest are red spruce (Picea rubens), balsam
fir (Abies balsamea), and yellow birch (Betula alleghaniensis) (Natural Resources Canada,
2017), although red spruce is uncommon in PEI (personal observation).
Across the Acadian Forest Region, topography and soil moisture regimes vary, leading to
differences in species composition between and within provinces (Loo & Ives, 2003). For
instance, PEI has slight regional differences in tree species composition between western and
eastern sections because of more low-lying and poorly-drained soils in the west (MacDougall,
Veer, & Wilson, 1988, p. 16). Because of these factors, eastern white cedar (Thuja occidentalis)
is largely absent from eastern PEI, unless planted, but is common in western PEI forests.
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The forests of PEI have an extensive history of human use (Loo & Ives, 2003). Accounts
from early 19th century claim the island was completely forested except for areas of salt marsh
(McAskill, 1987). However, by the late 1800s, almost all forest in PEI had been cut for
shipbuilding or cleared for agriculture (Loo & Ives, 2003). Since the late 1800s, agriculture has
continued to influence the PEI landscape, still accounting for almost half of land-use on the
Island, and development has continued. As of 2010, 35.5% of PEI is natural forest, 3.9% is forest
plantation, 4.5% is regenerating forest after harvest, 6.9% is wetland or sand dune, 41.7% is used
for agriculture or abandoned, and 7.5% has been developed (Government of Prince Edward
Island, 2013).
Forest patches that remain today often lack diversity. Although natural forest cover has
increased, the regeneration in many cases is single-species old field white spruce (Picea glauca)
forest (Government of Prince Edward Island, 2015). The clearing and ploughing of land for
agriculture has also meant a loss of the natural seed bank for many of the Island’s native tree,
shrub, and herbaceous species (Government of Prince Edward Island, 2004, p. 12).
Forests that remain in PEI today are fragmented and, as a result, may be undervalued for
their conservation worth. Fahrig (2018) distinguishes between habitat loss and habitat
fragmentation, of which PEI has experienced both. Habitat loss is the removal of previously
existing habitat (Fahrig, 2018, p. 180), while habitat fragmentation is the breaking apart of
habitat, independent of habitat amount (Fahrig, 2017, p. 180). In a review of studies examining
habitat fragmentation, Fahrig (2017) noted a tendency for habitat fragmentation to support
positive ecological measures (e.g. species richness) and for researchers and policy-makers to
have preconceived notions about effects of habitat fragmentation, often inferring the negative
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effects of fragmentation without sufficient evidence to draw such conclusions. Conservation
groups tend not to prioritize acquisition and sometimes refuse donations of small, fragmented
forests (personal observation). For example, Island Nature Trust’s land acquisition policy states
that land parcels < 20 hectares are less than optimal and should not be considered for acquisition
unless they are directly adjacent to an existing or potential future natural area (Island Nature
Trust, unpublished). The Nature Conservancy of Canada (NCC) has also identified minimum
size criteria to prioritize forest habitats for conservation in PEI (MacMillan & Vasseur, 2019).
NCC’s criteria are based on forest type and range from 10 hectares (pine forest) to 375 hectares
(spruce-fir forest) (MacMillan & Vasseur, 2019, p. 165).
The review by Fahrig (2017) is not suggesting fragmentation be used as a conservation
tool, like some have argued (Fletcher et al., 2018). Fahrig’s (2017) conclusions imply the value
of protecting many fragments and not solely in protecting large tracts. Furthermore, many factors
must be considered when conserving land in a fragmented landscape. For example, the INT’s
reason for prioritizing large parcels is largely due to the stewardship costs of maintaining a small
parcel of land in a fragmented landscape, where threats (e.g. invasive species, garbage dumping)
are greater (Megan Harris, personal communication, October, 2019).
The fragmented forests that remain in PEI today are embedded in a landscape that is
densely populated and heavily used for industrial agriculture (Government of Prince Edward
Island, 2015). Recognizing the dominating conservation paradigm against fragmented landscapes
is important; however, Fahrig (2017) notes that fragmentation is likely to have some negative
effects on ecological measures, particularly in agriculture-dominated landscapes. It has been well
documented that fragmented forest remnants in agricultural landscapes have elevated levels of
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nest predation and nest parasitism (Thompson et al., 2002, p. 15). Dijak and Thompson (2000)
studied predators at edges in Missouri and found that raccoons (Procyon lotor) were more likely
to occupy agricultural land and riparian edges over clear cuts, roads, or other forest types.
Some forests in PEI have legal protections and thus represent habitat reserves for forest
bird species. Natural areas in PEI are land parcels legally protected under the Natural Areas
Protection Act (NAPA) (Province of PEI, 1988). Designation under NAPA protects a piece of
land from development in perpetuity and legislates what activities and management strategies
may take place in a natural area. Natural areas in PEI are owned by the Province, land trusts, and
private landowners. Protected natural areas made up only 3.2% of forested land in PEI as of 2010
(Government of Prince Edward Island, 2013), meaning most forest in PEI is vulnerable to land
use changes that could impact forest-nesting birds.

Forest Management and Forest Bird Research in PEI
Research in PEI is needed to guide future forest management and land acquisition by
groups mandated with protecting wildlife habitat and species at risk. Currently, no forest
management strategies have been developed to manage forest habitats for species at risk and no
organizations or governments are using forest management techniques to enhance or increase
forested habitat for species at risk. With limited conservation dollars, it would be prudent for
these groups to ensure their management techniques and acquisition priorities promote and
reflect high ecological value based on applicable research.
The most recent publication on forest management in PEI was an Ecosystem-Based
Forest Management Standards Manual published by the Forests, Fish & Wildlife Division of
PEI’s Department of Communities, Land and Environment in May 2018. The manual is meant to
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assist forestry professionals and private woodlot owners in managing forest in PEI and provides
best practices for forest harvesters. It recommends that foresters should consider plants and
animals of conservation concern when developing a forest management plan (Department of
Communities, Land and Environment, 2018, p. 35), but the manual only provides a list of rare
plants (Department of Communities, Land and Environment, 2018, p. 50). No animals, including
forest birds, are listed for consideration and no beneficial management practices are explicitly
listed for protecting or enhancing forest bird habitat.
A multi-species approach is preferred over a single species or focal species approach
when developing habitat management practices. Managing for multiple species allows for
efficient use of conservation efforts and funds, especially for groups with limited resources.
Furthermore, single species research can fail to identify suitable conditions for all species in a
system (White, Zipkin, Manley, and Schlesinger, 2013). White et al. (2013) used extensive point
count data to develop a species occurrence model for the bird community and, using this model,
examined how species occurrence was influenced by biotic and abiotic landscape and habitat
variables. White et al.’s (2013) study took place in a homogenously structured (i.e. even-aged,
single-species) forest landscape, not unlike PEI’s. White el al. (2013) found that managing forest
habitats for a single avian species could result in a decrease in suitable habitat for a significant
portion of the remaining forest bird community. Additionally, the use of focal species (i.e. a suite
of species selected based on threats) has also been critiqued. In a review of studies that use focal
species, Lindenmayer, Manning, Smith, Possingham, Fischer, Oliver, and McCarthy (2002)
suggest that the use of focal species assumes the needs of all birds in a system are represented by
the focal species selected.
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Environment Canada’s Bird Conservation Strategy for Bird Conservation Region 14 in
Prince Edward Island and Marine Biogeographic Unit 12: Atlantic Northern Forest and Gulf of
St. Lawrence (Environment Canada, 2013) takes a multi-species approach. It provides a list of
priority species based on all avian species that occur in Bird Conservation Region (BCR) 14 PEI.
The priority species list includes species of conservation concern, which are species that are at
risk because of declining populations, limited distribution, and pressure from threats
(Environment Canada, 2013, p. 13). The strategy provides habitat needs, based on a literature
review, for priority species, identifies and ranks threats to priority species based on urgency, and
makes recommendations for addressing those threats. Most (58%) of the conservation actions
recommended by the strategy are in the following categories: site/habitat protection and
management, habitat restoration, and private sector industry standards (Environment Canada,
2013, p. 33). While a multi-species approach is preferred, in any habitat, special considerations
must be given to species at risk.
In Canada, the Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
uses current population trends and vulnerability assessments to designate species as Special
Concern, Threatened, or Endangered based on the level of extinction risk (Government of
Canada, 2017a). Species at risk are afforded special protections through the Species at Risk Act
(SARA; Government of Canada, 2016). SARA authorizes a series of actions aimed at species
protection and recovery, which includes developing species recovery strategies and action plans,
as well as defining critical habitat and controlling disturbance in critical habitat.
Environment and Climate Change Canada (ECCC) is responsible for the implementation
of the species recovery process. Central to this is the identification of critical habitat, which is
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defined as habitat that is essential for sustaining or recovering species at risk (ECCC Canadian
Wildlife Service Critical Habitat Community of Practice, 2016). ECCC determines critical
habitat by compiling and evaluating population, distribution, and life history information for a
species, then establishing criteria to identify areas used by the species to live and reproduce. The
identified critical habitat is then assessed for sufficiency in quality and extent for population
persistence or recovery. In some cases, critical habitat is considered only partially determined
because data are insufficient for full identification.
Determining habitat use is a first step in identifying critical habitat for species at risk.
Block and Brennan (1993, p. 38) describe habitat use as the way a species uses its environment
to meet its needs. Examining patterns of habitat use can provide insights into habitat selection, a
more complex concept that refers to the dynamic and evolving process of individuals choosing
habitat from what is available based on how well it meets their survival and reproductive needs
(Block & Brennan, 1993, p. 38). Once critical habitat is determined for a species, it can be
protected and effectively managed.
Although PEI has several forest-nesting species at risk, including the Canada Warbler,
Olive-sided Flycatcher, and Eastern Wood-pewee, none have had their critical habitat defined.
Management guidelines were developed by Westwood, Harding, Reitsma, and Lambert (2017)
for Canada Warbler in the Atlantic Northern Forest of Canada. However, a lack of information
from PEI is noted in the guidelines (Westwood et al., 2017, p. 5), which are meant to assist land
managers in protecting and promoting the conditions that tend to support the Canada Warbler
and species that use similar habitats. They include measures such as protecting areas with large
tracts (>400 ha) of forest and reforesting adjacent lands, thinning stands to promote shrub growth
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in the understory, retaining snags, avoiding forestry work during the breeding season, and trying
to reduce compaction of ground and shrub layers by forestry equipment (Westwood et al., 2017,
pp. 8-10). These guidelines recommend that the management approach taken should depend on
the local and regional context. With PEI’s history of land use and fragmented forest landscape, it
is imperative that best management practices for PEI be informed by local research on forest
birds.
Research on forest birds in PEI has been and continues to be limited, piecemeal, and
mostly unpublished. Forest birds were studied in the 1980s and 1990s by Provincial staff, but the
outcomes were released as unpublished reports from government departments and are not widely
available (Curley, R., personal communication, January 2018). Makepeace (1993) studied
breeding bird communities in various forest stands under different management strategies and
found that forest bird diversity in forest stands, of any type and treatment, increased with stand
age. Makepeace (1993) attributed this increase in diversity to the increased complexity of stand
structure of older stands. Sabine (1992) studied effects of thinning on winter bird communities in
PEI forests and found that, in older stands (51-100 yr-old) of tolerant hardwood, thinning
resulted in an increase in bole-foragers (e.g. woodpeckers) and a decrease in crown foragers (e.g.
chickadees).
Previous forest bird studies in PEI provide insight into forest bird response to
management techniques, but they are limited in scope. For instance, the study by Sabine (1993)
only considered forest birds using managed woodlots in the winter. Furthermore, previous forest
bird studies in PEI did not take a multi-level approach and therefore results may not represent
current land use patterns. The most recent land use data available for PEI are from 2010. Forest
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cover in PEI has decreased from 48.5% of PEI’s total land base in 1990 (Government of PEI,
2003, p. 11) to 35.5% in 2010 (Government of Prince Edward Island, 2010, p. 15). Agricultural
land has increased from 39.4% in 1990 (Government of PEI, 2003, p. 11) to 41.7% in 2010
(Government of Prince Edward Island, 2010, p. 15) Furthermore, forest plantations increased
from 2.7% in 1990 (Government of PEI, 2003) to 3.9% in 2010 (Government of PEI, 2010).
More recent data on forest birds in PEI come from the MBBA and the North American
Breeding Bird Survey (BBS). Both publish information on population trends (Stewart et al.,
2015; Government of Canada, 2017b), while the MBBA calculates the probability of observation
and provides some qualitative insights into habitat use for breeding birds in the Maritime
Provinces (Stewart et al., 2015). Bird Studies Canada (BSC) is currently monitoring birds in
wetlands near forests in PEI through their Marsh Monitoring Program (Prince Edward Island
Wildlife Conservation Fund, 2018). However, BSC does not target species at risk, Canada
Warbler, or Olive-sided Flycatcher through this program and collects only general habitat
information (Lightfoot, H., Bird Studies Canada, personal communication, April 2017).

Focal Species
The Canada Warbler (Cardellina canadensis) and Olive-sided Flycatcher (Contopus
cooperi) are two forest-nesting avian species at risk (Environment Canada, 2016a, 2016b).
Canada Warbler is considered Threatened under COSEWIC, and Threatened under SARA
(Environment Canada, 2016a). Olive-sided Flycatcher is considered a Species of Special
Concern under COSEWIC and is listed as Threatened under SARA (Government of Canada, n.
d.b). COSEWIC had previously considered the Olive-sided Flycatcher to be Threatened, but reexamined and designated the species in April 2018 based on a slowed rate of decline over the
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last decade in Canada (Government of Canada, n. d.b). Insufficient time has elapsed for the
government to respond under SARA.
Both of my focal species’ Canadian populations have declined steeply in the last 50
years. ECCC (based on the Breeding Bird Survey) estimates that Canada Warbler populations
declined across Canada by 2.21% annually from 1970 to 2015 for an estimated overall decline of
63.5% (ECCC, 2017). However, local population trends vary (Environment Canada, 2016a). In
Alberta, Canada Warbler populations are increasing, but in Nova Scotia (NS), New Brunswick
(NB), and PEI they are declining (Environment Canada, 2016a, p. 5). In NS and PEI combined,
Canada Warbler declined 61.5% from 1970 to 2015 (ECCC, 2017). The Breeding Bird Survey
suggests that Olive-sided Flycatcher populations declined in Canada by 2.63% annually from
1970 to 2015, for an estimated overall decline of 70% (ECCC, 2017).
The breeding ranges of the two species overlaps in eastern and central Canada, and that
of the Canada Warbler is largely contained within that of the Olive-sided Flycatcher. During the
breeding season, Canada Warbler is distributed across southeastern Canada and the southern
portion of the Canadian boreal forest from northwestern Alberta to southern Quebec,
northeastern United States (US), and in the Appalachian mountain chain, south to northern
Georgia, US (Reitsma, Goodnow, Hallworth, & Conway, 2009). The Olive-sided Flycatcher
spends its breeding season in coniferous forests across Canada, and in western and northeastern
US and Alaska (Altman & Sallabanks, 2012).
Both the Canada Warbler and Olive-sided Flycatcher are Neotropical migrants
(Environment Canada, 2016a, 2016b). The wintering ranges of the Canada Warbler and the
Olive-sided Flycatcher extensively overlap. According to Paynter (as cited in Reitsma et al.,
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2009), the Canada Warbler winters in northwestern South America, west of and along the Andes
mountain chain from Venezuela to Peru. The Olive-sided Flycatcher winters in Panama and the
Andes mountain chain (Altman & Sallabanks, 2012).
The Canada Warbler, like many songbirds, migrates at night (Reitsma et al., 2009). For
both the Canada Warbler’s spring and fall migrations, the species tends to move through North
America using primarily the east coast and then starts dispersing westward once reaching the
central U.S. (Reitsma et al., 2009). The Canada Warbler typically has a late spring arrival and an
early fall departure from breeding grounds (Reitsma et al., 2009).
Little is known about the Olive-sided Flycatcher’s behaviour during migration (Altman &
Sallabanks, 2012). For both spring and fall migrations, the species moves through the forests of
western North and Central America but avoids midwestern and southeastern U.S. (Altman &
Sallabanks, 2012). The Olive-sided Flycatcher typically has a late spring arrival and an early fall
departure from breeding grounds (Altman & Sallabanks, 2012).
Studies of breeding season habitat use by the Canada Warbler have been conducted
across its range and reveal differences among regions. Generally, the species occupies complex,
wet, mixedwood forests during the breeding season (Reitsma et al., 2009). In the species’
western range, which extends to northeastern British Columbia, it prefers steeply sloped
deciduous stands (Reitsma et al., 2009). Ball et al. (2016) conducted a quantitative study using
point counts and spatial data and found associations between Canada Warbler and older
deciduous stands and incised streams in Alberta.
The Maritime Breeding Bird Atlas (MBBA) characterized habitat qualitatively by
interpreting patterns of species distribution using point counts and geospatial data. The MBBA
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lists mature cedar swamps, a variety of wetland types, shrubby areas, and complex forests as
typical habitat for Canada Warbler in NS, NB, and PEI (Stewart et al., 2015, p. 452). In
southwestern NS, Westwood (2016) conducted a quantitative study using point counts and
vegetation plots and determined that higher mean cover of cinnamon fern (Osmundastrum
cinnamomeum), higher mean cover of speckled alder (Alnus incana), higher canopy coverage,
and higher mean cover of deciduous shrubs were important for Canada Warbler. In New
Hampshire, Hallworth, Ueland, Anderson, Lambert, & Reitsma (2008, p. 884) found that high
shrub density, low canopy height, high leaf density in shrubs 2.0−2.5 m high, and number of
song perches were important determinants in habitat selection by Canada Warbler.
In the Acadia Research Forest, a 9,000-ha area located northeast of Fredericton, NB,
Churchill, Blaney, and Klymko (2017) used Canada Warbler location and habitat data derived
from depth to water table and light detection and range (LIDAR) data, to create species
distribution models. These models were effective at predicting suitable Canada Warbler habitat
and showed that lower canopy heights and high understory shrub density were important
predictors of Canada Warbler habitat use (Churchill et al., 2017, p. 14). Churchill et al. also
found that probability of suitable conditions for Canada Warbler was highest in wet black spruce
and other spruce (Picea spp.) stands but was also high in deciduous stand types such as intolerant
hardwood, red maple (Acer rubrum) and birch (Betula spp.) (2017, p. 14).
The Canada Warbler’s distribution is also known to be influenced by conspecific
attraction. Hunt, Bayne, and Haché (2017) define conspecific attraction as the increased
likelihood of an area to be occupied by an individual of a species because an individual of the
same species occupies a nearby area, regardless of the presence of more or equally suitable
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habitat. Hunt et al. (2017) used point count surveys and mist netting to determine habitat use and
breeding success of male Canada Warblers in northern Alberta. They then used landscape data
and site-level habitat data to test for correlations between habitat use, breeding success, and
habitat variables. Hunt et al. (2017) found higher densities of male Canada Warblers in areas
where other males were present, regardless of whether the forest was unharvested or postharvest.
Results from Hunt et al. (2017) suggest that conspecific attraction may be driving the use of
postharvest sites, rather than vegetation cues, and that conspecific attraction may be the reason
for discrepancies in results between Canada Warbler habitat use studies.
Olive-sided Flycatchers breed in coniferous forests across their range (Altman &
Sallabanks, 2012). Habitat use was first studied in the mountains of the western US and Alaska;
more recently it has been studied in NS and western Canada. Haché, et al. (2014) conducted a
quantitative study using point counts and biophysical data and determined that Olive-sided
Flycatchers tended to occupy coniferous forests with tall trees, recently burned areas, and
shrubby and wet areas in Alberta. Westwood (2016) conducted a quantitative study and found
that open canopies, older trees, and lower deciduous shrub height were associated with use by
Olive-sided Flycatcher in NS. The MBBA lists wet coniferous forests of different ages, clearcuts, and a variety of wetland types as typical habitat for Olive-sided Flycatcher in the Maritime
Provinces (Stewart et al., 2015, p. 308). In a literature review for the species, Altman and
Sallabanks (2012) noted the importance of tall trees and snags for use by Olive-sided Flycatcher,
and the species’ frequent use of natural and human-made edges and openings, such as wetland
and forest edges across its range.
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Throughout its range, the Olive-sided Flycatcher is also known to occupy harvested
forests (Altman & Sallabanks, 2012), but harvested sites may represent an ecological trap for this
species. Robertson and Hutto (2007) define an ecological trap as the phenomenon by which
habitat exhibits formerly reliable environmental cues for high habitat quality but does not
provide corresponding high quality habitat and may result in lower breeding success for
individuals. Robertson and Hutto (2007) compared Olive-sided Flycatcher breeding season
habitat use and breeding success between burned forest sites and selectively harvested sites in
conifer forests of Montana. They found that Olive-sided Flycatchers preferred to nest in the
harvested plots, but that nests in burned plots were twice as successful than nests in selectively
harvested plots. Furthermore, nest predators were twice as abundant in harvested plots versus
burned plots (Robertson & Hutto, 2007).
Both Canada Warbler and Olive-sided Flycatcher occupy forested habitats during the
breeding season, but their nest locations differ. Canada Warblers build their nests on or close to
the ground on moss-covered hummocks, rotting stumps, and in clumps of grass (Reitsma et al.,
2009). Olive-sided Flycatchers construct their nests in coniferous trees at varying heights across
their range, with highest recorded nests in western mountainous USA and lower heights in the
northern boreal forest and eastern North America (Altman & Sallabanks, 2012). In NS, Tufts
(1986, p. 274) found their nest height to vary from 2−15 m and that most nests were in
coniferous trees.
Both species subsist on insects but forage at different heights. According to Forbush and
Bent (as cited in Reitsma et al., 2009), Canada Warblers forage in the shrub layer for a wide
variety of invertebrates: spiders, mosquitoes, flies, moths, beetles, worms, bees, butterflies, and
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snails; Canada Warbler nestlings eat caterpillars, moths, mosquitoes, and crane flies. As aerial
insectivores, Olive-sided Flycatchers forage in flight on flying insects and sally from trees to
catch prey, especially bees, but also wasps, flying ants, flies, moths, beetles, grasshoppers, and
dragonflies (Altman & Sallabanks, 2012).
Threats to the Canada Warbler are numerous, complex, and occur on their breeding and
wintering grounds, and migration routes. On its breeding grounds they include removal of shrub
layers, land conversion, forest harvesting, exploration and extraction of natural resources,
overbrowsing by other wildlife, invasive species, habitat acidification, and loss of insectproducing habitats (Environment Canada, 2016a, pp. 12-24). On its migration route its threats
include deforestation and land conversion (Environment Canada, 2016a, p. 12). On its wintering
grounds it faces loss of insect-producing habitats, deforestation, and land conversion
(Environment Canada, 2016a, pp. 12-24). Some threats occur throughout the Canada Warbler’s
life cycle and range, including reduced availability of insect prey, prey-breeding temporal
mismatch, habitat shifting and alteration, problematic native and non-native species, collisions
with buildings and vehicles, extreme weather events, exposure to pesticides and other
contaminants (e.g., mercury) and acid precipitation (Environment Canada, 2016a, pp. 12-24).
Similarly, threats to the Olive-sided Flycatcher are numerous, complex, and occur on
their breeding and wintering grounds, and migration routes. On its breeding grounds they include
fire suppression, forest harvesting and silviculture, energy and mining, residential and
commercial development, and acid precipitation (Environment Canada, 2016a, pp. 12-23). On its
wintering grounds, threats include deforestation and land conversion (Environment Canada,
2016a, p. 16). Some threats occur throughout the Olive-sided Flycatcher’s life cycle and range,
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including declining food availability, habitat shifting and alteration, collisions with buildings and
vehicles, invasive species, extreme weather events, and exposure to pesticides (directly and
indirectly) and other contaminants (e.g., mercury) (Environment Canada, 2016a, pp. 12-22).
In PEI, which is included in both species’ breeding ranges, threats to these species have
not been studied. However, threats to Canada Warbler could include land conversion, forest
harvesting, habitat acidification, loss of insect-producing habitats, habitat shifting and alteration,
invasive species, extreme weather events, and exposure to pesticides (directly and indirectly) and
other contaminants. Threats to Olive-sided Flycatcher could include forest harvesting and
silviculture, residential and commercial development, declining food availability, habitat shifting
and alteration, invasive species, extreme weather events, and exposure to pesticides (directly and
indirectly) and other contaminants.

Research Objectives
My specific objectives for this study were to (1) determine how variation in forest
habitats influence avian diversity, including Species of Conservation Concern, in PEI forested
natural areas, (2) determine whether habitat and landscape composition predict breeding season
habitat use by Canada Warbler and Olive-sided Flycatcher in PEI forested natural areas, and (3)
compare my results to other studies and recommend what forest bird habitat management
strategies could apply to PEI forested natural areas.
Based on my literature review, I made the following predictions for my study. Based on
Fahrig’s (2017) review of habitat fragmentation literature, I hypothesized that species richness
and number of species of conservation concern would increase around edges. Based on the
similarities of forest composition between PEI, NS, and NB, I predicted that Canada Warbler and
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Olive-sided Flycatcher would be using habitat similar to what has been found in these
neighbouring jurisdictions – i.e. wet forests (Stewart et al., 2015; Churchill et al., 2017) with
high shrub cover (Hallworth et al, 2008; Westwood, 2016; Churchill et al., 2017), Sphagnum
moss (Westwood, 2016), and song perches (Hallworth et al., 2008) for Canada Warbler and
coniferous forest edges (Haché, et al., 2014; Stewart et al, 2015) for Olive-sided Flycatcher. I
also predicted, based on PEI’s Forest Wildlife Manual by McAskill (1994), that Canada Warbler
would prefer to be further away from edges and that, based on habitat descriptions by Stewart et
al. (2015), Olive-sided Flycatcher would be using areas closer to edges.

Methodology
Field Data Collection
This study took place in forested properties and natural areas in PEI. Data were collected
in two field seasons, from 6 June−13 September 2017 and from 11 June−23 August 2018.
For the duration of this thesis, I will use the terms natural area and site frequently and
without further elucidation. I have already defined a natural area as protected land with legally
binding management stipulations in place. I define a site as a location within a natural area where
a point count survey was conducted or where a focal species was incidentally detected (and
where habitat surveys subsequently took place). I will also refer to un-protected forested
properties; these are properties owned by the Province that do not currently have protection
under the PEI Natural Areas Protection Act.
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In both field seasons, data collection proceeded in two steps: first, I conducted bird point
counts, and then I conducted detailed surveys to gather information on habitat characteristics of
survey sites.
Point Count Site Selection and Incidental Sites
I collected bird data for two purposes, to quantify the forest bird community and to
determine presence/absence for my two focal species. For the bird community, I had data for 13
natural areas at 28 sites. For my focal species, I had presence/absence data in 18 natural areas
and at 41 sites. I selected sites differently in 2017 and 2018. In 2017, six Island Nature Trustowned natural areas, located across the Island, were selected for the study to capture the regional
variation in habitat types of PEI forests, including one offshore island (Figure 1). I used my a
priori knowledge about what habitat characteristics correlate with the presence of my focal
species in other jurisdictions to develop criteria for selecting natural areas. The criteria for
selection were proximity to wetlands for Canada Warbler and Olive-sided Flycatcher (Stewart et
al., 2015), a dense shrub understory for Canada Warbler (Haché et al., 2014), mature deciduous
forests for Canada Warbler (Ball et al., 2016) and wet forests for both species (Stewart et al.,
2015).
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Figure 1. Island Nature Trust (INT)- and Provincially-owned natural areas and properties included in the study in 2017 and 2018. Some INT- and Provincially-owned natural areas
lie adjacent to each other and have the same name. For example, INT and the Province both own Morell River Riparian Zone Natural Areas. In cases where two or more properties
constitute one natural area, they are only labelled once. More detailed maps of study sites can be found in Appendix A.
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In 2017, five point count locations were placed at random distances from a central
transect (Figure 2) in six INT natural areas. The transects bisected areas of presumed suitable
habitat and, where possible, were ≥ 100 m from roads or any other discontinuity. Surveyors
established one 200-m transect line in each natural area. A coin toss determined on which side
the first point count would be located, and subsequent point count locations alternated between
sides of the transect line. Every 50 m, I generated a random number between 50-100 using the
RAND function in Microsoft Excel (Microsoft Office Standard 2010, Version 14.0) and placed
point count locations this number of metres perpendicular to the transect line. A total of 30 point
count locations were established using this method in 2017. However, data from only 12 of the
sites established in 2017 could be used in the forest bird community analysis because the others
were < 200 m apart from each other and therefore could not be considered independent in terms
of the birds sampled. All point counts where my focal species were detected are included in my
focal species analysis.
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Figure 2. Map of transect line and associated point count locations established in 2017, in the
Kildare Forest Natural Area, Huntley PE. Created using ArcGIS Online (ESRI, 2017).

In 2018, the study expanded to include 5 more INT natural areas, 7 provincially-owned
natural areas, and 2 provincially-owned unprotected forested properties. In 2018, fewer point
count locations were established per natural area, the transect method was not used, and distance
to edge was not used as a site selection criterion. Some of the natural areas added in 2018 were
based on 2017 observations of Canada Warbler using black spruce bogs, alder thickets, and cedar
swamps. Other natural areas were added where observations of my two focal species had been
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uploaded to eBird by the public or reported directly to Island Nature Trust by birdwatchers,
government employees, and watershed workers. Sixteen point count locations were surveyed in
2018, for a total of 28 point count locations to be used to examine forest bird communities. All
point counts (from both 2017 and 2018) used in my forest bird community analyses were > 200
m away from each other. A given site was sampled in one year only, either 2017 or 2018.
In both study years, my focal species were incidentally detected by researchers or by the
public (and were reported to Island Nature Trust) at several locations. Researchers returned to
conduct habitat surveys at these incidental sites. Incidental sites lacked bird community data, so
are only included in my focal species analysis. All point count locations and incidental sites
included in the study are represented in study area maps in Appendix A.
Point Count Surveys
Point counts took place over two seasons from 6−30 June 2017 and from 11 June−11 July
2018, the time of year when birds are most actively vocalizing. Surveys were repeated twice at
each point count location, approximately two weeks apart. Repeated counts allow for more
reliable presence/absence data because they increase the chance that a given species is detected,
thereby reducing the effect of false absence bias (MacKenzie & Royle, 2005, p. 1106).
Point counts were conducted between sunrise and 3 hours after sunrise. To reduce the
potential for surveyor presence to influence results, surveyors stood quietly for 5 min upon
arrival at point count locations. Point count surveys were 10 min in duration and limited to a 100
m radius within which the number of individuals heard or seen was recorded for all species. In
all point counts, I removed species which were detected but were not within the forest patch. For
example, wetland species like Red-winged Blackbird (Agelaius phoeniceus), Pied-billed Grebe
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(Podilymbus podiceps), and Belted Kingfisher (Megaceryle alcyon) were removed from the
forest bird community data.
Double-counting is a risk in point count surveys, especially with loud species like the
Olive-sided Flycatcher whose vocalizations may be heard for > 1 km (Stewart et al., 2015, p.
308). Observers accounted for this risk by being vigilant and trying to locate individual Olivesided Flycatchers with binoculars. Furthermore, we only recorded birds that we were confident
were within 100 m from the point count location and in the habitat being sampled.
Habitat Surveys
I conducted habitat surveys at sites to quantify site-level habitat variables at point count
sites and incidental sites included in the study. Surveyors completed 41 habitat surveys in 19
natural areas and forested properties (listed in Appendix A). A descriptive summary of all habitat
survey locations can be found in Appendix B.
Habitat surveys were conducted at all point count and incidental sites where Canada
Warbler and Olive-sided Flycatcher were detected in 2017 or 2018. In 2017, if focal species
were detected in fewer than three of the five sites established in a natural area, up to three point
count locations > 100 m apart were randomly selected for habitat surveys (18 habitat surveys).
Habitat surveys were conducted at all sites added to the study in 2018 (23 habitat surveys).
I used different distance criteria for habitat and bird community data collection, because
point counts sampled birds within a 100 m radius of the point whereas the habitat surveys
extended < 30 m from the point. Furthermore, I wanted to capture the heterogeneity of forest
stands within natural areas. PEI’s history of land use and the natural topography of the landscape
means there are often multiple distinct forest stands within a natural area.
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Fine-scale habitat variables were collected by adapting methods used by researchers from
Dalhousie University (Staicer, C., personal communication, May 2017) and Bird Studies Canada
(Lightfoot, H., Bird Studies Canada, personal communication, April 2017). Using similar
methodologies allows for comparisons between studies. I also calculated, and used as variables
at the site level, forestry tools developed in NS, as similar tools have not yet been developed
specifically for use in PEI. I calculated an old growth forest score, based on the Province of NS’s
Old Growth Forest Scoring System (Nova Scotia Department of Natural Resources (NS DNR),
2012) and I determined vegetation type for each site based on the Nova Scotia Forest Ecosystem
Classification system (NS FEC) (Neily, Keys, Quigley, Basquil, & Stewart, 2010). Percent
softwood cover in the canopy layer (SW_COV) and % hardwood cover in the canopy layer
(HW_COV) were estimated and recorded as part of the NS FEC and are used as explanatory
variables in this study.
To calculate an old forest score, I used a basal area factor 2 forestry prism while standing
at the point count location and turning in a 360 circle, to establish a stand sample. The sample
stand included trees that were fully visible in the prism and every second partially visible tree.
Species and diameter at breast height (DBH) for live trees and snags included in the sample were
recorded. Using a compass, I walked 90 East, 330 Northwest, and 210 Southwest from the
point count location, creating three 20-m transects in a triangular form (Figure 3). As I walked
each transect, I recorded the number of pieces of coarse woody debris greater than 20 cm in
width that intersected the transect.
The old forest score protocol also requires a core sample from one tree in the stand. The
sampled tree was selected using the Old Forest Scoring Protocol (2016) mobile application,
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which generates a random tree, of a climax species, in the sample to core. An increment borer
was used to obtain a core sample, which surveyors later analyzed at the INT office. The tree age
is included in the old forest score calculation as a representation of the age of a portion of the
stand. In some cases (e.g. alder thickets) tree core samples could not be collected because no
climax Acadian forest species, as defined by the NS old forest score protocol, were present in the
sample area.

Figure 1. Stand-scale habitat survey technique used at 41 sample locations. For scale, the sides
of the triangle are 20 m in length. The area of habitat surveyed at a site with this technique is
0.125 ha (r=20 m).
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Vegetation types are defined as the “recurring and identifiable forest plant communities
which reflect differences in site conditions, disturbance regimes, and/or successional stages” (NS
DNR, 2012, p. 10). To determine vegetation type, I stood at the point count location and
recorded the tree species that were dominant (> 50%), abundant (26-50%), and scattered to
sparse (0-25%). Percent hardwood and softwood cover in the overstory and most common
hardwood and softwood species were recorded and used to determine vegetation type.
Vegetation types were assigned using the NS FEC and by considering all overstory, shrub, and
bryophyte-lichen layer data.
Ground, herbaceous, and shrub layers were measured to quantify the ground components
and shrub community composition for study sites. The ground and herbaceous layers were
measured using a 1 x 1 m quadrat at transect midpoints and a mean of the three quadrats was
used to determine site variables (Figure 3). The ground layer was defined as the composition of
biotic and abiotic materials that constitute the forest floor, including leaf and needle litter, soil,
rocks, water, mud, stems of herbaceous plants, Sphagnum spp., other moss species, woody
debris, and fungi and lichens growing in the ground. Percent cover for ground layer components
was recorded during surveys. The herbaceous layer was defined as vegetation that is 0–0.25 m
tall. Species in the herbaceous layer were recorded for each quadrat (Figure 3). A measure of
abundance per species, % frequency, was the proportion of quadrats sampled in which the
species was present.
I measured the shrub layer in two height categories: low (0.25–2.0 m), and tall (2.0–10
m). Both tree and shrub species were included if they had foliage in the height category. Shrub
layers were measured using a 2 m radius circle at transect midpoints (Figure 3). For the low
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shrub layer, species composition was recorded and used to calculate the % frequency of each
species. For the tall shrub layer, species composition and percent cover were recorded.
Proportions of coniferous and deciduous vegetation at each level (herbaceous, low shrub, and tall
shrub) were also calculated and used as site level variables.
Finally, I determined the number of song perches and area of water features. From the
point count location, I visually estimated the number of song perches within a 20 m radius.
Hallworth et al. (2008, p. 883) define song perches as trees that rise > 3 m above the forest
canopy and are at least 5 m from other emergent trees. Water features, such as puddles, dry
puddles, or mud, were also quantified by visually estimating their area (m2) if they intersected
any of the three 20-m transects (Figure 3).
Using the vegetation data described above, I calculated summary site-level habitat
variables. These variables were % frequency of coniferous vegetation in the herbaceous layer
(HL_CON), % frequency of coniferous vegetation in the low shrub layer (SH_CON), %
frequency of coniferous vegetation in the tall shrub layer (TS_CON), sum of % frequency of all
herbaceous layer species (HL_COV), sum of % frequency of all low shrub layer species
(SH_COV), and sum of % frequency of all tall shrub layer species (TS_COV).

Landscape Variables
Landscape-scale variables were calculated using ArcGIS Online and ArcGIS Pro (ESRI,
2017) from provincial land-use geographic information system (GIS) data provided by the
Province of PEI. Landscape-scale variables were calculated for each natural area (rather than
specific sites) and measured in 1, 5, and 10 km radius distance bands around natural areas. Landuse types considered were wetlands, residential developments, forest cover, and agricultural
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lands. Forest cover types considered were coniferous, deciduous, and mixed. I defined coniferous
forest as containing > 75% softwood species, deciduous forest as containing > 75% hardwood
species, and mixed forest as containing 25−75% softwood species in the canopy.
Deciding at what scale to examine ecological data at is an important step in study design
(Mitchell, Lancia, and Gerwin, 2001). Variables can be important at some scales and not at
others (Mitchell et al., 2001). I chose 1, 5, and 10 km distance bands because I was not sure at
what landscape scale birds may be responding in PEI. Mitchell et al. (2001) created models for
predicting forest bird species in North Carolina based on landscape-scale forestry data (e.g.
forest age and type) and micro-habitat surveys, and compared the models’ abilities to predict
species presence correctly across scales. Mitchell et al. (2001) found that landscape-level
variables were generally the best predictors of species distribution, but that different species
responded at different scales. By including multiple scales in the present study, I used an
approach similar to Mitchell et al. (2001), and let the birds tell me what scales were important.

Spatial Variables
I calculated spatial variables for each site using ArcGIS Online (ESRI, 2017). Variables
were averaged between sites in a natural area and were examined at the natural area level. Spatial
variables considered were measured in km and included average distance to nearest edge (I
defined edge as any discontinuity in forest cover, including roads, agriculture, open water, and
riparian zones), average distance to nearest residential development, average distance to nearest
agricultural lands, average distance to nearest fresh water, and average distance to ocean. I also
calculated the area of contiguous forest (hectares) around the natural area.
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Data Analysis
I collected information on 18 landscape, 6 spatial, and 226 habitat variables. Not all
habitat variables I collected were used in this thesis. However, as a result of this study, a
significant amount of vegetation information was collected and could be used to explore other
questions about PEI forests. A full list of landscape, spatial, and habitat variables is in Appendix
C.
For my analyses of species richness, species of conservation concern, and focal species
habitat use, I reduced the number of habitat and landscape variables used in my analyses. I based
my data reduction on results from studies of forest bird communities and focal species
occupancy in other jurisdictions. A summary of retained variables for each of my analyses can be
found in Appendix D.
Point count data were used to quantify the forest bird community at 28 sites. Species
richness and maximum number of individuals for each forest bird species at each point count
location were determined. Maximum number of individuals was the highest number of
individuals per species detected during two survey repetitions. Species richness was the
cumulative total number of species detected at each point count location from the two survey
repetitions. I also calculated the number of ‘species of conservation concern’ present over two
survey repetitions per point count location. Species of conservation concern are defined at
regional and national levels in Environment Canada’s Bird Conservation Strategy for BCR 14 in
Prince Edward Island and Marine Biogeographic Unit 12: Atlantic Northern Forest and Gulf of
St. Lawrence (Environment Canada, 2013, pp. 15−19).
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I used a matrix of maximum number of individuals detected per species at each point
count location in XLSTAT (Base, Annual version 2018.2) to generate a proximity matrix using
the Bray and Curtis dissimilarity. This statistic quantified differences in bird species composition
between every pair of sites based on abundances from point count data (Greenacre, n.d.). I then
used the XLSTAT non-metric multidimensional scaling (NMDS) tool to ordinate my forest bird
community data in two dimensions based on the proximity matrix. I also used Microsoft Excel
and a script developed by Doka (2013) to create a three-dimensional (3D) ordination based on
the same proximity matrix.
NMDS is commonly used in ecological research for visualizing and interpreting
similarities of bird communities (Dexter, Rollwagen-Bollens, and Bollens, 2018). In this study, I
looked at similarities between point count sites and between natural areas, as well as between
focal species-occupied and -unoccupied sites. For initial conditions, I used ordinal (1) as the
model, a minimum of 2 and maximum of 4 dimensions, a random initial configuration, 5
repetitions, and 0.00001 convergence and 500 iterations as stop conditions. I used Kruskal’s
measure of stress, which is a measure of how well the configuration of the data matches the
distances predicted by the model (Kruskal, 1964, p. 115). A lower stress value indicates a good
fit while a larger value indicates a poor fit; for example, a stress value of < 0.1 represents a good
fit and a value of > 0.2 indicates a poor representation (Kruskal, 1964, p. 119).
With XLSTAT, I used classification and regression trees (CART) to explore the point
count and habitat data. CART are machine learning tools that allow for the partitioning of data
based on how well explanatory variables predict the dependent variable (De'ath & Fabricius,
2000). At every partition, a rule is created. Rules are conditional statements that further divide
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the data and determine linear paths for the model (De'ath & Fabricius, 2000). I used CART
because they offer a practical way to predict a species’ occupancy based on ecological data used
as explanatory variables. They provide a visual result which makes them easier to interpret and
share than more traditional methods, such as logistic regression. This is particularly important in
my context, because I will be sharing my results with representatives from other organizations
and private landowners who may not understand complex statistical analyses. Westwood (2016)
also used CART analyses in her work to characterize habitat for Canada Warbler, Olive-sided
Flycatcher, and Rusty Blackbird in southwestern NS. Furthermore, CART analyses are robust in
that they make no assumptions about distributions and require no data transformations.
I used regression trees to predict continuous species richness data and number of species
of conservation concern, and classification trees to predict the presence or absence of a focal
species. Landscape-scale, spatial, and site-level habitat variables were used as explanatory
variables to predict species occurrence and species richness. For my CART analyses, I used a
minimum parent size of 2, minimum son size of 1, maximum tree depth of 4, a complexity
parameter of 0.0001, and the Gini Index as a measure of purity for each rule created.
To evaluate all CART analyses, I used cross validation. For cross validation, I used the kfold approach where k = 5. Observations were randomly divided into 5 subsets and each subset
took a turn being used as testing data while the remaining data were used as training data.
Training data are used by the software to create the model, while the testing data are used to see
how accurately the model will predict future data. Accuracy of predictions (% of predictions that
were correct for classification trees and squared mean error for regression trees) for each of the k
models were averaged to determine an overall measure of accuracy for each model.
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For my classification tree analyses, in addition to cross validation as a measure of
accuracy, I used Cohen’s kappa statistic. Cohen’s kappa provided a chance-corrected evaluation
of prediction accuracy which corrected for inequalities between sample sizes in my classification
trees for focal species (Titus, Mosher, & Williams, 1984).
Using XLSTAT, I conducted Mann-Whitney U tests to determine if the means of habitat
and landscape variables differed significantly between sites where my focal species were present
and absent. I used a non-parametric test because my sample size was small, and most habitat and
landscape variables did not follow a normal distribution. For all Mann-Whitney U tests, I used a
Bonferroni correction to account for multiple comparisons.

Results

Area Covered and Bird Species Detected
My study covered areas totalling approximately 3.1 hectares for bird surveys,
approximately 5.2 hectares for habitat surveys, and approximately 280,606 hectares through
landscape analyses.
Surveyors detected 59 bird species, including 9 species of conservation concern, as
identified by Environment Canada (2013, pp. 15-19), during point count surveys in 2017 and
2018. A list of species detected and their codes can be found in Appendix D. Canada Warbler
was detected at 15 locations and Olive-sided Flycatcher at 3 locations. Given the few times I was
able to detect Olive-sided Flycatcher, I cannot reasonably comment on the species habitat use in
PEI. However, I have included a summary of my findings for Olive-sided Flycatcher in
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Appendix F. Maps showing locations of the focal species detections in the different study areas
can be found in Appendix A.

Forest Bird Communities
Point count data from 28 sites in 13 natural areas were used to explore avian patterns at
study sites. Bird abundance data, based on the highest number of individuals per species detected
during point count surveys, were used to produce an NMDS ordination in 2 dimensions (Figure
4-7) and 3 dimensions (Figure 8). The closer together the points plot in the ordination, the more
similar the bird communities. The 2-dimensional (2D) ordination had a Kruskal’s stress value of
0.23 while the 3-dimensional (3D) ordination had a stress value of 0.15. Kruskal (1964, p. 119)
suggests that values > 0.2 are unlikely to be useful in representing true relationships between
points, > 0.15 warrants caution in interpreting, 0.1−0.15 is tolerable, 0.05−0.1 is satisfactory, and
< 0.05 is ideal.
More recently, the strict and accepted use of Kruskal’s stress has been challenged. Dexter
et al. (2018, p. 435) demonstrate, using a literature review, that it is common in the scientific
community to not report NMDS ordinations with stress values > 0.2, which could result in a
failure to report potentially important results. Dexter et al. (2018) also show that researchers tend
to increase the number of dimensions used to plot data for the sole reason of lowering stress
values, and that increasing dimensionality of plots can obscure meaningful patterns in data.
Given the evidence presented by Dexter et al. (2018), I decided to explore the 3D NMDS
configurations well as the 2D plot. The 3D configuration provided some further insight into
interpreting the trends I observed in the 2D configuration, so I have included it but, for ease of
comprehension, I have focused on the 2D configuration. The same 2D NMDS configuration was
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coded using various shapes and colours to allow for interpretations of patterns in the bird
community data with respect to site location, presence of species at risk, vegetation type, number
of species of conservation concern, and species richness (Figures 4-7). The 3D NMDS
configuration is presented in Figure 8.
Point count sites within the same natural area tended to be clustered within the same
quadrant on the graph (Figure 4). Sites in Kings County (eastern PEI) tended to be on the right
side of the graph and sites in Prince County (western PEI) tended to be on the left side of the
graph. An ellipsoid drawn around all sites in Prince County did not include any sites in Kings
County (Figure 4); and similarly, an ellipsoid drawn around all sites in Kings County did not
include any Prince County sites. This suggests that different habitat, at either end of the island,
supports different bird communities. Queens County (central PEI) sites plotted on both the left
and right side of the graph. All Canada Warbler sites in the ordination were in Kings County.
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Figure 4. Non-metric multidimensional scaling of avian point count data with PEI counties
colour-coded. A red ellipsoid is drawn around all Kings County (eastern PEI) natural areas: Bear
River Natural Area (BRI), Forest Hill Wetlands Natural Area (FHI), and Townshend Woodlot
Natural Area (TOW). A green ellipsoid is drawn around all Prince County (western PEI) natural
areas: Acadian Marshes Natural Area (ACM), Bird Island Natural Area (BII), Kildare Forest
Natural Area (KIL), and St. Chrysostome Cedars Woodland Natural Area (SCH). Queens
County natural areas are Alice Margaret MacMillan Natural Area (AMM), Blooming Point
Natural Area (BLP), Deroche Pond Natural Area (DER), Jenkins Complex Natural Area (JCO),
and the Malcolm McArthur 1899 Natural Area (MAM). Triangles denote sites with Canada
Warbler (CAWA), and squares denote sites with Olive-sided Flycatcher (OSFL). The Kruskal’s
stress value for this ordination was 0.23.
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Sites where Canada Warbler was detected were clustered. An ellipsoid drawn around all
Canada Warbler sites included only two unoccupied sites (Figure 5). Most of the sites where
Canada Warbler was detected were wet coniferous or wet deciduous forest vegetation types,
which is what Canada Warbler typically prefers (Stewart et al., 2015). The clustering of Canada
Warbler-occupied sites suggests that Canada Warbler is associated with a set of species,
reflecting preference for similar wet forest habitat types on the eastern side of PEI. The following
species were each present at greater than half of Canada Warbler-occupied sites included in the
bird community analysis: Blue-headed Vireo (Vireo solitarius), Black-capped Chickadee
(Poecile atricapillus), Golden-crowned Kinglet (Regulus satrapa), Ruby-crowned Kinglet
(Regulus calendula), Hermit Thrush (Catharus guttatus), American Robin (Turdus migratorius),
Black-and-white Warbler (Mniotilta varia), Northern Parula (Setophaga americana), Magnolia
Warbler (Setophaga magnolia), Yellow-rumped Warbler (Setophaga coronata), White-throated
Sparrow (Zonotrichia albicollis), and Dark-eyed Junco (Junco hyemalis).
Only one site where Olive-sided Flycatcher was detected was included in the NMDS
ordination, because this was the only Olive-sided Flycatcher site where bird community data
were collected. In Figure 5, the Olive-sided Flycatcher site plotted on the same side of the graph
as sites occupied by Canada Warbler which could indicate similarities in bird communities using
Canada Warbler- and Olive-sided Flycatcher-occupied sites. However, in the 3D configuration
(Figure 8), the single Olive-sided Flycatcher site plots closer to unoccupied sites in Queens and
Prince County. This could suggest that bird communities at Olive-sided Flycatcher sites may be
different from those at Canada Warbler sites. However, I did have one site in Afton Road, PEI,
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where the two species were present. This site was not included in my NMDS ordinations because
it was an incidental site and no bird community data were recorded.

Figure 5. Non-metric multidimensional scaling of avian point count data with sites colourcoded by PEI county and labelled by vegetation type based on the NS FEC. An ellipsoid drawn
around all Canada Warbler (CAWA) sites (triangles) included only two unoccupied sites. The
Kruskal’s stress value for this ordination was 0.23.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

53

Comparison of NMDS results in Figures 6 and 7 reveals that many sites that had high
species richness did not also have a high number of species of conservation concern. Most sites
(80%) that had zero species of conservation concern plotted on the left side of the graph (Figure
7). All sites that had greater than one species of conservation concern were in wet vegetation
types (Figure 7). Even TH8 (red maple−yellow birch/striped maple (Acer pensylvanicum)) is a
wet forest type, characterized by the presence of white ash (Fraxinus americana) which indicates
increased soil moisture (Nova Scotia Department of Natural Resources, 2012). Although Canada
Warbler sites tended not to have the highest species richness (Figure 6), 57% of Canada Warbleroccupied sites had one other species of conservation concern present (Figure 7).
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Figure 6. Non-metric multidimensional scaling of avian point count data with species richness
at point count locations colour-coded and NS FEC vegetation type labelled. The Kruskal’s stress
value for this ordination was 0.23.
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Figure 7. Non-metric multidimensional scaling of avian point count data with the number of
species of conservation concern colour-coded and NS FEC vegetation type labelled. The
Kruskal’s stress value for this ordination was 0.23.
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Figure 8. Non-metric multidimensional scaling of avian point count data in 3D configuration.
Points are labelled based on the natural area they are in as follows: Acadian Marshes Natural
Area (ACM), Alice Margaret MacMillan Natural Area (AMM), Bear River Natural Area (BRI),
Bird Island Natural Area (BII), Blooming Point Natural Area (BLP), Deroche Pond Natural Area
(DER), Forest Hill Wetlands Natural Area (FHI), Jenkins Complex Natural Area (JCO), Kildare
Forest Natural Area (KIL), Malcolm McArthur 1899 Natural Area (MAM), St. Chrysostome
Cedars Woodland Natural Area (SCH) and Townshend Woodlot Natural Area (TOW). Triangles
denote sites with Canada Warbler (CAWA), and squares denote sites with Olive-sided
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Flycatcher (OSFL). Z drop lines extend from each point to the wall of the z axis. Created using
Microsoft Excel and Doka (2013). The Kruskal’s stress value for this ordination was 0.15.
The 3D configuration of avian point count data in Figure 8 reveals patterns in the data
that cannot be seen in the 2D ordination (Figures 4-7). Namely, the 3D ordination reveals an
even clearer divide between bird communities using eastern PEI natural areas and central and
western PEI natural areas, and a more apparent clustering of bird communities within the same
natural area. It also reveals a clearer separation of the one Olive-sided Flycatcher-occupied site
from the Canada Warbler-occupied sites.

Habitat Correlates for Bird Species Richness
Cumulative species richness was averaged across point counts per natural area for my
landscape and spatial analyses. Cumulative species richness was determined per point count
location for the site-level habitat analysis. Cumulative species richness per natural area averaged
16.2 (standard deviation = 2.3, n = 13) and ranged from 11 to 19. Cumulative species richness at
28 point count locations averaged 16.0 (standard deviation = 3.7, n = 28) and ranged from 5 to
23.
Regression trees were created to explore the influence of landscape data, spatial data, and
habitat data on species richness. Variables retained for the landscape-level analysis and
justification for their inclusion are in Appendix D and a summary table of explanatory variables
used in the landscape-level analysis is in Table 1.
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Table 1. Explanatory landscape variables used in the CART analysis for species richness and
number of species of conservation concern.

Variable

Description

1KM_RES, 10KM_RES

Area of residential development within 1 km and 10
km radii of natural area (hectares)

1KM_WET, 10KM_WET

Area of wetland within 1 km and 100 km radii of
natural area (hectares)

1KM_CON, 10KM_CON,
1KM_DEC, 10KM_DEC,
1KM_MIX, 10KM_MIX

Area of coniferous, deciduous, and mixed forest
within 1 km and 10 km radii of natural area
(hectares)

The regression tree analysis for landscape-level variables and species richness is
presented in Figures 9 and 10; the right side of the tree is in Figure 9 and the left side in Figure
10. The regression tree revealed that the amount of wetland in a 1 km radius surrounding natural
areas was the best predictor of species richness at the landscape scale. Natural areas with > 7.6%
(24 hectares) of the surrounding area in a 1 km radius in wetland had a species richness of 17 in
69.2% of cases (Figure 9), versus natural areas with < 7.6% (24 hectares) of the surrounding area
in a 1 km radius in wetland which had a species richness of 14 in 30.8% of cases (Figure 10).
In natural areas with 7.6%−10% (24 hectares−32 hectares) of the surrounding 1 km in
wetland, species richness increased with increasing residential development in a 1 km radius
(Figure 9). Natural areas with > 2% (6.9 hectares) of the surrounding 1 km in residential
development had a species richness of 19 in 15.4% of cases, versus natural areas with < 2% (6.9
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hectares) of the surrounding 1 km in residential development, which had a species richness of 18
in 7.7% of cases (Figure 9).
For natural areas with > 10% (32 hectares) of the surrounding 1 km in wetland, species
richness increased with the amount of wetland in the surrounding area within a 10 km radius.
Sites with > 36% (2842 hectares) of the surrounding 10 km in wetland had a species richness of
17 in 23% of cases, versus sites with < 36% (2842 hectares) wetland in the surrounding 10 km
which had a species richness of 16 in 23% of cases. Species richness increased further with
amount residential development in a 1 km radius. Sites with > 2% (5 hectares) of the surrounding
1 km radius in residential development tended to have higher species richness.
Species richness was lowest (11) in natural areas that had < 7.6% (24 hectares) of the
surrounding 1 km in wetland, and where there was > 3% (940 hectares) of the surrounding 10 km
in residential development (Figure 10). Sites with > 3% (940 hectares) of the surrounding 10 km
in residential development had a species richness of 11 in 7.7% of cases, versus sites with < 3%
(940 hectares) of the surrounding 10 km in residential development which had a species richness
of 15 in 23% of cases.
Five-fold cross validation of the regression tree for species richness was completed using
all landscape variables. The landscape regression tree model for predicting species richness had a
mean squared error of 12.8 and a root mean squared error of 3.6. The standard deviation of errors
obtained from cross validation was 5.7.
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Figure 9. Right side of regression tree analysis for associations between cumulative species richness and landscape-level variables.
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Figure 10. Left side of regression tree analysis for associations between cumulative species
richness and landscape-level variables.

The regression tree analysis for spatial variables and species richness is presented in
Figures 11 and 12; the left side of the tree is in Figure 11 and the right side in Figure 12.
Variables retained for the spatial analysis and justification for their inclusion are in Appendix D
and a summary table of explanatory variables used in the spatial analysis is in Table 2.
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Table 2. Explanatory spatial variables used in the CART analysis for species richness and
number of species of conservation concern.
Variable

Description

CONTFOREST

Area of contiguous forest surrounding natural area
(hectares)

DST_EDGE

Distance to nearest edge (km)

DST_RES

Distance to nearest residential development (km)

DST_AGR

Distance to nearest agricultural development (km)

DST_FRSHWTR

Distance to nearest fresh water (km)

DST_OCEAN

Distance to nearest oceanfront (km)

The best spatial predictor of species richness was distance to edge. Natural areas that
were < 0.1 km from an edge had a species richness of 18 in 61.5% of cases (Figure 11), versus
natural areas that were > 0.1 km from an edge which had a species richness of 14 in 38.5% of
cases (Figure 12). Species richness increased with increasing amount of contiguous forest around
a natural area. Natural areas with > 117 hectares of contiguous forest had a species richness of 18
in 30.8% of cases, versus natural areas with < 117 hectares of contiguous forest, which had a
species richness of 17 in 30.8% of cases (Figure 11). Species richness was highest (19, in 15.4%
of cases) in natural areas that were < 0.1 km to an edge, had > 177 hectares of contiguous forest
and were > 0.2 km away from fresh water (Figure 11).
For natural areas < 0.1 km from an edge and with < 177 hectares of contiguous forest,
species richness increased with distance to agriculture (Figure 11). Natural areas that were > 0.5
km from agriculture had a species richness of 18 in 7.7% of cases, versus natural areas < 0.5 km
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from agriculture which had a species richness of 17 in 23.1% of cases. For natural areas < 0.5 km
from agriculture, species richness increased with decreasing contiguous forest.
For natural areas that were > 0.1 km from an edge, species richness increased with
increasing distance to edge and decreasing distance to agricultural development (Figure 12).
Natural areas that were > 0.14 km from an edge and < 0.8 km from agriculture had a species
richness of 16 in 15.4% of cases, versus natural areas that were > 0.8 km from agriculture which
had a species richness of 14 in 15.4% of cases. For natural areas that were < 0.8 km from
agricultural development, species richness increased with decreasing contiguous forest.
Five-fold cross validation of the regression tree for species richness was completed using
all spatial variables. The regression tree model for predicting species richness had a mean
squared error of 5.5 and a root mean squared error of 2.3. The standard deviation of errors
obtained from cross validation was 7.3.
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Figure 11. Left side of the regression tree analysis for average cumulative species richness in 13 natural areas and six spatial variables.
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Figure 12. Right side of the regression tree analysis for average cumulative species richness in 13 natural areas and six spatial variables.
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The regression tree analysis for site-level variables and species richness is presented in
Figures 13 and 14; the right side of the tree is in Figure 13 and the left side in Figure 14.
Variables retained for the site-level analysis and justification for their inclusion are in Appendix
D and a summary table of explanatory variables used in the site-level analysis for species
richness is in Table 3.

Table 3. Explanatory site-level habitat variables used in the CART analysis for species richness
and number of species of conservation concern.

Variable

Description

VEG_TYPE

Vegetation type based on the Forest Ecosystem Classification for
Nova Scotia and including ALD which was added to describe alder
thickets

OFS

A measure calculated using protocols developed by Nova Scotia
Department of Natural Resources

CAN_COV

Canopy Cover (%)– a mean of all measurements recorded from TR1,
TR2 and TR3

WTR_FTR

The total area of water (m2) features that intersect with TR1, TR2 and
TR3 divided by number of transects (3)

HL_COV

Sum of % frequency of all herbaceous layer species, standardized to
100 percent

SH_COV

Sum of % frequency of all low shrub layer species, standardized to
100 percent

TS_COV

% cover of tall shrubs summed across all shrub species and averaged
between 3 transect measurements
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The regression tree revealed that vegetation type, based on the NS FEC (Neily, et al.,
2010), was the best predictor of species richness at the site level. For sites in the vegetation types
alder thicket (ALD); eastern white cedar–balsam fir/stair-step moss (Hylocomium splendens)
forest (CE2); white birch (Betula papyrifera)–red maple/sarsaparilla (Aralia nudicaulis)–bracken
fern (Pteridium aquilinum) forest (IH6); white birch–balsam fir/starflower (Lysimachia borealis)
forest (MW5); balsam fir–white spruce/evergreen wood fern (Dryopteris intermedia)–wood aster
(Oclemena cuminate) forest (OF4); beech (Fagus grandifolia)/sarsaparilla/leaf litter forest
(TH5); black spruce/cinnamon fern/Sphagnum forest (WC1); black spruce/lambkill (Kalmia
angustifolia)–Labrador tea (Rhododendron groenlandicum)/Sphagnum forest (WC2); tamarack
(Larix laricina)–black spruce/lambkill/Sphagnum forest (WC7); red maple/cinnamon
fern/Sphagnum forest (WD2); red maple/sensitive fern (Onoclea sensibilis)–lady fern (Athyrium
filix-femina)/Sphagnum forest (WD3); red maple–balsam fir/wood aster/Sphagnum forest
(WD6), species richness was 17 in 78.6% of cases (Figure 13), versus sites in the vegetation
types red maple/hay-scented fern (Dennstaedtia punctilobula)–wood sorrel (Oxalis montana)
forest (IH7); balsam fir–red maple/wood sorrel–goldthread (Coptis trifolia) forest (MW4); white
spruce/aster (Symphyotrichum spp.)–goldenrod (Solidago spp.)/shaggy moss forest (OF1); red
maple–yellow birch/striped maple forest (TH8), which had a species richness of 11 in 21.4% of
cases (Figure 14).
Sites with the highest species richness (23) were in the vegetation types red maple/hayscented fern –wood sorrel forest (IH7); balsam fir–red maple/wood sorrel–goldthread forest
(MW4); white spruce/aster–goldenrod/shaggy moss forest (OF1); balsam fir–white
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spruce/evergreen wood fern–wood aster forest (OF4); and red maple–yellow birch/striped maple
forest (TH8).
For sites in the vegetation types species alder thicket (ALD); eastern white cedar–balsam
fir/stair-step moss forest (CE2); white birch–red maple/sarsaparilla–bracken fern forest (IH6);
white birch–balsam fir/starflower forest (MW5); beech/sarsaparilla/leaf litter forest (TH5); black
spruce/cinnamon fern/Sphagnum forest (WC1); black spruce/lambkill–Labrador tea/Sphagnum
forest (WC2); tamarack–black spruce/lambkill/Sphagnum forest (WC7); red maple/cinnamon
fern/Sphagnum forest (WD2); red maple/sensitive fern–lady fern/Sphagnum forest (WD3); red
maple–balsam fir/wood aster/Sphagnum forest (WD6), species richness increased with canopy
cover. Sites with > 18% canopy cover had a species richness of 17 in 68% of cases, versus sites
with < 18% canopy cover which had a species richness of 14 in 7% of cases.
At sites with < 18% canopy cover, species richness increased with lower old forest
scores. Sites with old forest scores < 37 had a species richness of 14 in 4% of cases, versus sites
with old forest scores > 37 which had a species richness of 13 in 4% of cases (Figure 13).
In Figure 14, at sites in vegetation types red maple/hay-scented fern –wood sorrel forest
(IH7); balsam fir–red maple/wood sorrel–goldthread forest (MW4); white spruce/aster–
goldenrod/shaggy moss forest (OF1); and red maple–yellow birch/striped maple forest (TH8),
bird species richness decreased with increasing proportion of coniferous vegetation in the low
shrub layer. Sites that had > 30% of the shrub layer in coniferous vegetation had a species
richness of 7 in 7% of cases, versus sites with < 30% of the shrub layer in coniferous vegetation
which had a species richness of 13 in 14% of cases (Figure 14). At sites with > 30% of the shrub
layer in coniferous vegetation, species richness was lowest (5) at sites with old forest scores <
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20. For sites with old forest scores < 20, bird species richness was 5 in 4% of cases, versus sites
with old forest scores > 20 which had a species richness of 8 in 4% of cases.
At sites in vegetation types red maple/hay-scented fern –wood sorrel forest (IH7);
balsam fir–red maple/wood sorrel–goldthread forest (MW4); white spruce/aster–
goldenrod/shaggy moss forest (OF1); and red maple–yellow birch/striped maple forest (TH8),
and with < 30% of the shrub layer in coniferous vegetation, species richness was lower in the
vegetation types red maple/hay-scented fern –wood sorrel forest (IH7) and white spruce/aster–
goldenrod/shaggy moss forest (OF1) (Figure 14). In the vegetation types red maple/hay-scented
fern –wood sorrel forest (IH7) and white spruce/aster–goldenrod/shaggy moss forest (OF1), bird
species richness was lower at sites with canopy cover < 23%. Sites with a canopy cover < 23%
had a species richness of 11 in 4% of cases, while sites with canopy cover > 23% had a species
richness of 13 in 7% of cases.
Vegetation type could not be included in cross validation procedures because XLSTAT
does not support validation of categorical data; therefore, cross validation could not be conducted
for the model presented in Figures 13 and 14.
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Figure 13. Right side of regression tree analysis for associations between cumulative species richness and seven site-level variables.
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Figure 14. Left side of regression tree analysis for associations between cumulative species richness and seven site-level variables.
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Habitat Correlates for Species of Conservation Concern
Number of species of conservation concern was averaged across point counts per natural
area for the landscape and spatial analyses. Number of species of conservation concern was
determined per point count location for the habitat analysis. Number of species of conservation
concern per natural area averaged 0.9 (standard deviation = 0.6, n = 13) and ranged from 0 to 2.
Number of species of conservation concern at point count locations averaged 0.7 (standard
deviation =0.8, n = 28) and ranged from 0 to 2.
The regression tree analysis for landscape-level variables and number of species of
conservation concern is presented in Figure 15. Variables retained for the landscape analysis and
justification for their inclusion are in Appendix D and a summary table of explanatory variables
used in the landscape-level analysis for species richness is in Table 1.
At a landscape level, the area of mixed forest in the 10 km surrounding natural areas was
the most important predictor of number of species of conservation concern (Figure 15). Natural
areas that had > 9.1% (2848 hectares) of the surrounding 10 km in mixed forest had 1.2 species
of conservation concern in 69.2% of cases, whereas natural areas with < 9.1% (2848 hectares) of
the surrounding 10 km in mixed forest had 0.3 species of conservation concern in 30.8% of cases
(Figure 15). In natural areas with > 9.1% (2848 hectares) of the surrounding 10 km in mixed
forest, number of species of conservation concern increased with the amount of mixed forest in a
1 km radius around natural areas. Natural areas with > 44% (138 hectares) of the surrounding 1
km in mixed forest had 1.7 species of conservation concern in 23.1% of cases, versus natural
areas with < 44% (138 hectares) of the surrounding 1 km in mixed forest, which had one species
of conservation concern present in 46.2% of cases.
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In natural areas with > 9.1% (2848 hectares) of the surrounding 10 km in mixed forest
and with > 44% (138 hectares) of the surrounding 1 km in mixed forest, number of species of
conservation concern increased with the amount of residential development in a 1 km radius.
Natural areas with > 1% (4 hectares) of the surrounding area in residential development had two
species of conservation concern, versus natural areas with < 1% (4 hectares) of the surrounding
area in residential development which had one species of conservation concern in 7.7% of cases.
Natural areas with < 9% (2848 hectares) of the surrounding area in mixed forest, number
of species of conservation concern increased with decreasing amount of wetland in a 1 km radius
(Figure 15). Natural areas with < 3% (10 hectares) of the surrounding 1 km in wetland had one
species of conservation concern in 8% of cases, versus sites with > 3% (10 hectares) of the
surrounding area in wetland which had no species of conservation concern in 23% of cases.
Five-fold cross validation of the regression tree for number of species of conservation
concern was completed using all landscape variables. The regression tree model for predicting
number of species of conservation concern had a mean squared error of 0.67 and a root mean
squared error of 0.8. The standard deviation of errors obtained from cross validation was 0.4.
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Figure 15. The regression tree analysis for number of species of conservation concern and 10 landscape-level variables.
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The regression tree analysis for spatial variables and number of species of conservation
concern is presented in Figure 16. Variables retained for the spatial analysis and justification for
their inclusion are in Appendix D and a summary table of explanatory variables used in the
spatial analysis for number of species of conservation concern is in Table 2.
The best spatial predictor of number of species of conservation concern was distance to
fresh water sources. Natural areas that were < 0.1 km away from fresh water had 1.7 species of
conservation concern in 23% of cases and natural areas that were > 0.1 km away from fresh
water had less than 0.7 species of conservation concern in 77% of cases (Figure 16). In natural
areas that were < 0.1 km from fresh water, number of species of conservation concern increased
in natural areas that were > 0.07 km from an edge. Natural areas that were > 0.07 km from an
edge had two species of conservation concern in 15% of cases, whereas natural areas < 0.07 km
from an edge had one species of conservation concern in 8% of cases.
In natural areas that were > 0.1 km from fresh water, number of species of conservation
concern increased with area of contiguous forest (Figure 16). In natural areas with > 117 hectares
of contiguous forest, there was one species of conservation concern in 46% of cases. In natural
areas with < 117 hectares of contiguous forest, there were 0.3 species of conservation concern in
31% of cases.
Five-fold cross validation of the regression tree for number of species of conservation
concern was completed using spatial variables. The regression tree model for predicting number
of species of conservation concern had a mean squared error of 0.6 and a root mean squared error
of 0.8. The standard deviation of errors obtained from cross validation was 0.09.
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Figure 16. Regression tree analysis for associations between number of species of conservation concern and six spatial variables.
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The regression tree analysis for site-level habitat variables and number of species of
conservation concern is presented in Figure 17. Variables retained for the habitat analysis and
justification for their inclusion are in Appendix D and a summary table of explanatory variables
used in the habitat analysis for number of species of conservation concern is in Table 3.
The regression tree revealed that the best predictor of number of species of conservation
concern was vegetation type at the site-level. Sites in the vegetation types alder thicket (ALD);
white birch–red maple/sarsaparilla–bracken fern forest (IH6); balsam fir–red maple/wood sorrel–
goldthread forest (MW4); red maple–yellow birch/striped maple forest (TH8); black
spruce/cinnamon fern/Sphagnum forest (WC1); ); black spruce/lambkill–Labrador
tea/Sphagnum forest (WC2); tamarack–black spruce/lambkill/Sphagnum forest (WC7); red
maple/sensitive fern–lady fern/Sphagnum forest (WD3) had one species of conservation concern
in 57% of cases, versus sites in vegetation types eastern white cedar–balsam fir/stair-step moss
forest (CE2); red maple/hay-scented fern –wood sorrel forest (IH7); ); white birch–balsam
fir/starflower forest (MW5); and white spruce/aster–goldenrod/shaggy moss forest (OF1);
balsam fir–white spruce/evergreen wood fern–wood aster forest (OF4); beech/sarsaparilla/leaf
litter forest (TH5); red maple/cinnamon fern/Sphagnum forest (WD2); red maple–balsam
fir/wood aster/Sphagnum forest (WD6); which had no species of conservation concern in 43%
of cases (Figure 17).
Of the vegetation types that had one species of conservation concern in Figure 17, half
are wet coniferous (WC) or wet deciduous (WD) forest vegetation types. Alder thickets are also
characteristically wet, and even the sites in this node in mixedwood (MW) and intolerant
hardwood (IH) vegetation types had water features present. Only one tolerant hardwood (TH)
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stand, which had water features present, is included in this node. This result is consistent with
my NMDS results and suggests that wet forests are important for species of conservation concern
in PEI.
In the vegetation types alder thicket (ALD); white birch–red maple/sarsaparilla–bracken
fern forest (IH6); balsam fir–red maple/wood sorrel–goldthread forest (MW4); red maple–yellow
birch/striped maple forest (TH8); black spruce/cinnamon fern/Sphagnum forest (WC1); black
spruce/lambkill–Labrador tea/Sphagnum forest (WC2); tamarack–black
spruce/lambkill/Sphagnum forest (WC7); and red maple/sensitive fern–lady fern/Sphagnum
forest (WD3), species richness increased with decreasing % frequency of herbaceous species.
Sites with < 7% frequency of herbaceous species had 1.7 species of conservation concern in 50%
of cases, versus sites with > 7% frequency of herbaceous species which had no species of
conservation concern in 7% of cases.
For sites with < 7% frequency of herbaceous species and in vegetation types eastern
white cedar–balsam fir/stair-step moss forest (CE2); red maple/hay-scented fern –wood sorrel
forest (IH7); ); white birch–balsam fir/starflower forest (MW5); and white spruce/aster–
goldenrod/shaggy moss forest (OF1); balsam fir–white spruce/evergreen wood fern–wood aster
forest (OF4); beech/sarsaparilla/leaf litter forest (TH5); red maple–yellow birch/striped maple
forest (TH8); black spruce/cinnamon fern/Sphagnum forest (WC1); black spruce/lambkill–
Labrador tea/Sphagnum forest (WC2); red maple/cinnamon fern/Sphagnum forest (WD2); and
red maple–balsam fir/wood aster/Sphagnum forest (WD6), number species of conservation
concern increased with decreasing proportion of coniferous vegetation in the low shrub layer.
Sites with < 28% coniferous vegetation in the low shrub layer had two species of conservation
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concern present in 18% of cases, versus sites with > 28% coniferous vegetation in the low shrub
level which had one species of conservation concern in 11% of cases.
For sites with < 7% frequency of herbaceous species and in vegetation types alder thicket
(ALD); white birch–red maple/sarsaparilla–bracken fern forest (IH6); balsam fir–red
maple/wood sorrel–goldthread forest (MW4), and red maple/sensitive fern–lady fern/Sphagnum
forest (WD3), number species of conservation concern increased with decreasing % frequency of
herbaceous species. Sites with < 6% frequency of herbaceous species had one species of
conversation concern present in 14% of cases, whereas sites with > 6% frequency of herbaceous
species had 0.5 species of conservation concern in 7% of cases.
Vegetation type could not be included in cross validation procedures because XLSTAT
does not support validation of categorical data; therefore, cross validation could not be conducted
for the model presented in Figure 17.
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Figure 17. Regression tree analysis for associations between number of species of conservation concern detected and seven site-level variables.
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Habitat Correlates for Canada Warbler
I conducted similar landscape, spatial, and habitat analyses for Canada Warbler. For
landscape and spatial analyses, I looked at Canada Warbler use per natural area in 13 natural
areas. For the site-level habitat analysis, I looked at Canada Warbler use at 41 point count
locations, where I conducted habitat surveys.
Landscape use by Canada Warbler
Mann-Whitney U tests revealed that Canada Warbler-occupied sites had significantly
more coniferous and mixed forest within 5 and 10 km than did unoccupied sites (Figures 18−21).
Canada Warbler-occupied sites had a mean of 3413 hectares of coniferous forest in 10 km radii
around natural areas (standard deviation = 1402 hectares), versus a mean of 1641 hectares of
coniferous forest in 10 km radii around natural areas (standard deviation = 487 hectares) at
unoccupied sites. Canada Warbler-occupied sites had a mean of 5034 hectares of mixed forest in
10 km radii around natural areas (standard deviation=1306 hectares), versus a mean of 2487
hectares of mixed forest in 10 km radii around natural areas (standard deviation = 623 hectares)
at unoccupied sites. Canada Warbler-occupied sites had a mean of 1112 hectares of coniferous
forest in 5 km radii around natural areas (standard deviation = 359 hectares), versus a mean of
461 hectares of coniferous forest in in 5 km radii around natural areas (standard deviation = 133
hectares) at unoccupied sites. Canada Warbler-occupied sites had a mean of 1620 hectares of
mixed forest in 5 km radii around natural areas (standard deviation = 431 hectares), versus a
mean of 769 hectares of mixed forest in 5 km radii around natural areas (standard deviation= 212
hectares) at unoccupied sites.
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Variables retained for the landscape-level analysis and justification for their inclusion are
in Appendix D and a summary table of explanatory variables used in the landscape-level analysis
is in Table 4.

Table 4. Landscape-level variables retained for Mann-Whitney U tests and classification tree
analysis for Canada Warbler.
Variable
1KM_WET
1KM_CON
1KM_DEC
1KM_MIX
5KM_WET
5KM_CON
5KM_DEC
5KM_MIX
10KM_WET
10KM_CON
10KM_DEC
10KM_MIX

Description
Area of wetlands within 1 km radius of natural area
Area of coniferous forest within 1 km radius of natural area
Area of deciduous forest within 1 km radius of natural area
Area of mixed forest within 1 km radius of natural area
Area of wetlands within 5 km radius of natural area
Area of coniferous forest within 5 km radius of natural area
Area of deciduous forest within 5 km radius of natural area
Area of mixed forest within 5 km radius of natural area
Area of wetlands within 10 km radius of natural area
Area of coniferous forest within 10 km radius of natural area
Area of deciduous forest within 10 km radius of natural area
Area of mixed forest within 10 km radius of natural area

Area of coniferous forest ≤ 10 km (ha)
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Figure 18. Boxplot for the area of coniferous forest in a 10 km radius around natural areas
(measured in hectares (ha)), which differed significantly (Bonferroni adjusted α = 0.0042) in
Mann-Whitney U tests comparing sites where Canada Warbler was present (1) and absent (0).
Boxes represent the interquartile range of variables, with a horizontal line representing the
median. Red crosses represent the mean. The bounds of the boxes represent data from the first
and third quartile. Lines extending from the boxes set the limit for what is considered an outlier.
Outliers are plotted in the boxplot; circles represent outliers, and coloured circles represent the
maximum and minimum.
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Figure 19. Boxplot for the area of mixed forest in a 10 km radius around natural areas (measured
in hectares (ha)), which differed significantly (Bonferroni adjusted α = 0.0042) in Mann-Whitney
U tests comparing sites where Canada Warbler was present (1) and absent (0).

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

Area of coniferous forest ≤ 5 km (ha)

2000

p=0.000

1800
1600
1400
1200
1000
800
600
400
200

0

1

Figure 20. Boxplot for the area of coniferous forest in a 5 km radius around natural areas
(measured in hectares (ha)), which differed significantly (Bonferroni adjusted α = 0.0042) in
Mann-Whitney U tests comparing sites where Canada Warbler was present (1) and absent (0).
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Figure 21. Boxplot for the area of mixed forest in a 5 km radius around natural areas (measured
in hectares (ha)), which differed significantly (Bonferroni adjusted α = 0.0042) in Mann-Whitney
U tests comparing sites where Canada Warbler was present (1) and absent (0).

Results of the landscape-level classification tree for Canada Warbler are presented in
Figure 22. The classification tree demonstrated that Canada Warbler occupancy was best
predicted by the amount of coniferous forest within a 5 km radius of natural areas, which is
presented as percent (%) area covered and given in hectares. No natural areas with < 9%
coniferous forest in a 5 km radius (< 708 hectares) were occupied by Canada Warbler (39% of
total natural areas), whereas 100% of natural areas with > 9% of the surrounding area within a 5
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km radius in coniferous forest (> 708 hectares) were occupied by Canada Warbler (61% of total
natural areas).
Cross validation was completed for the model presented in Figure 22. The model
classified unoccupied sites correctly in 80% of cases, and occupied sites correctly in 60% of
cases for an overall success rate of 67%. I also calculated the Cohen’s kappa statistic to be 1.0,
indicating that the model classified the data 100% better than chance alone (Titus, 1984).

Figure 22. Classification tree analysis results for Canada Warbler (CAWA) presence/absence
using the reduced data set of 12 landscape variables. Nodes are the points in the classification
tree where the tree divides to partition the data. Size refers to the number of observations
represented by the node. Percent (%) refers to proportion of the sample that is represented by a
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node. Purity is the proportion of the sample included in the node that follows the rule of that
node.

Spatial Influence on Canada Warbler
Variables retained for the spatial analysis and justification for their inclusion are in
Appendix D and a summary table of explanatory variables used in the spatial analysis is in Table
5. For the Mann-Whitney U tests using spatial variables, I used a Bonferroni correction of
alpha=0.0083 (n=6). None of the spatial variables tested were significantly different (α=0.0083)
between Canada Warbler-occupied and unoccupied sites.

Table 5. Spatial variables retained for Canada Warbler Mann-Whitney U tests and classification
tree analysis.
Variable
CONTFOREST
DST_EDGE
DST_RES
DST_AGR
DST_FRSHWTR
DST_OCEAN

Description
Area of contiguous forest surrounding natural area (hectares)
Distance to nearest edge (m)
Distance to nearest residential development (m)
Distance to nearest agricultural development (m)
Distance to nearest fresh water (m)
Distance to nearest oceanfront (m)
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Results of the spatial classification tree for Canada Warbler are presented in Figure 23.
The best spatial predictor of Canada Warbler presence was distance to agricultural development.
Canada Warbler was present in 86% of natural areas that were > 0.5 km from the agricultural
development (44% of total natural areas) and was absent at 67% of natural areas that were < 0.5
km from agricultural development (56% of total natural areas).
In natural areas > 0.5 km from agricultural development, likelihood of Canada Warbler
occupancy increased with decreasing distance to residential development. All (100%) natural
areas that were < 2 km from residential development were occupied (38% of total natural areas),
whereas 100% of sites that were > 2 km from residential development were unoccupied (6% of
total natural areas.
For natural areas that were < 0.5 km from agricultural development, likelihood of Canada
Warbler occupancy increased with increasing contiguous forest. 100% of natural areas with >
1206 hectares of contiguous forest were occupied (6% of total natural areas), while 75% of
natural areas with < 1206 hectares of contiguous forest were unoccupied (50% of total natural
areas).
Five-fold cross validation of the classification tree for Canada Warbler presented in
Figure 23 was completed using all spatial variables. The model classified unoccupied sites
correctly in 25% of cases, and occupied sites correctly in 62.5% of cases for an overall success
rate of 56.6%. I also calculated the Cohen’s kappa statistic to be 1.0, indicating that the model
classified the data 100% better than chance alone (Titus, 1984).
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Figure 23. Classification tree analysis results for Canada Warbler (CAWA) presence/absence using six spatial variables.
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Habitat use by Canada Warbler
Variables retained for the site-level analysis and justification for their inclusion are in
Appendix D and a summary table of explanatory variables used in the habitat analysis is in Table
6. For the Mann-Whitney U tests using habitat variables, I used a Bonferroni correction of
alpha=0.0045 (n=11). Boxplots for habitat variables that were significantly different (α=0.0045)
between sites occupied by Canada Warbler and unoccupied sites are presented in Figures 25−26.

Table 6. Explanatory variables used in the CART analysis and Mann-Whitney U tests for Canada
Warbler presence/absence and site-level variables.
Variable

Description

VEG_TYPE

Vegetation type based on the Nova Scotia Forest Ecosystem
Classification system for and including ALD which was added to
describe alder thickets

OFS

A measure calculated using protocols developed by Nova Scotia
Department of Natural Resources

SNG_PRCH

Number of song perches visually estimated within a 20 m radius from
the center of the stand sample

WTR_FTR

The total area of water (m2) features that intersect with transects divided
by number of transects (3)

CAN_COV

Canopy cover - mean of all measurements recorded from transects (%)

BL_SPHAG

Percent cover of Sphagnum moss in 1 x 1 m quadrat

SH_ILEMUC

% frequency of Mountain holly (Ilex mucronata) in the low shrub layer

SH_OSMCIN

% frequency of Cinnamon fern (Osmundastrum cinnamomeum) in the
low shrub layer

TS_ALNINC

% cover of Speckled alder (Alnus incana) in the tall shrub layer

HL_COV

Sum of % frequency of all herbaceous layer species, standardized to
100 percent
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Sum of % frequency of all low shrub layer species, standardized to 100
percent

TS_COV

% cover of tall shrubs summed across all shrub species and averaged
between 3 transect measurements

Figure 24. Boxplot for the number of song perches at sites, which differed significantly (α =
0.0045) in Mann-Whitney U tests comparing sites where Canada Warbler was present (1) and
absent (0).
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Figure 25. Boxplot for % cover of speckled alder (Alnus incana) in the tall shrub layer, which
differed significantly (α = 0.0045) in Mann-Whitney U tests comparing sites where Canada
Warbler was present (1) and absent (0).

Results of the Mann-Whitney U tests reveal that Canada Warbler-occupied sites
contained significantly more song perches and had significantly higher % cover of speckled alder
in the tall shrub layer than un-occupied sites (Figure 24 and 25). Canada Warbler-occupied sites
had a mean of 2.8 song perches per site (standard deviation=2.1), versus a mean of 1 song perch
at unoccupied sites (standard deviation=1.8). Canada Warbler-occupied sites had a mean %
cover of speckled alder of 18 per site (standard deviation=29), versus a mean of 4% at
unoccupied sites (standard deviation=13).
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Results of the habitat classification tree for Canada Warbler are presented in Figure 26.
The classification tree reveals that the best site-level predictor of Canada Warbler occupancy is
vegetation type. Canada Warbler was present at 100% of sites in the following vegetation types:
alder thicket (ALD); eastern white cedar/speckled alder/cinnamon fern/Sphagnum forest (CE1);
black spruce/false holly/ladies’ tresses Sphagnum (SP7); black spruce /lambkill–Labrador
tea/Sphagnum (WC2) (22% of total sites). Canada Warbler was absent at 81% of sites in the
vegetation types: eastern white cedar–balsam fir/stair-step moss forest (CE2); white birch–red
maple/sarsaparilla–bracken fern forest (IH6); red maple/hay-scented fern –wood sorrel forest
(IH7); balsam fir–red maple/wood sorrel–goldthread forest (MW4); white birch–balsam
fir/starflower forest (MW5); white spruce/aster–goldenrod/shaggy moss forest (OF1); balsam
fir–white spruce/evergreen wood fern–wood aster forest (OF4); white spruce–balsam fir/broom
moss (Dicranum spp.) forest (SH10); black spruce–red maple/bracken fern (Pteridium
aquilinium)–sarsaparilla forest (SP6); sugar maple (Acer saccharum)/hay-scented fern forest

(TH1); beech/sarsaparilla/leaf litter forest (TH5); red maple–yellow birch/striped maple forest
(TH8); black spruce/cinnamon fern/Sphagnum forest (WC1); tamarack–black
spruce/lambkill/Sphagnum forest (WC7); red maple/cinnamon fern/Sphagnum forest (WD2); red
maple/sensitive fern–lady fern/Sphagnum forest (WD3); and red maple–balsam fir/wood
aster/Sphagnum forest (WD6) (78% of total sites). All the vegetation types in which Canada
Warbler tended to be found were wet vegetation types.
In the vegetation types eastern white cedar–balsam fir/stair-step moss forest (CE2);
white birch–red maple/sarsaparilla–bracken fern forest (IH6); red maple/hay-scented fern–wood
sorrel forest (IH7); balsam fir–red maple/wood sorrel–goldthread forest (MW4); white birch–
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balsam fir/starflower forest (MW5); white spruce/aster–goldenrod/shaggy moss forest (OF1);
balsam fir–white spruce/evergreen wood fern–wood aster forest (OF4); white spruce–balsam
fir/broom moss forest (SH10); black spruce–red maple/bracken fern–sarsaparilla forest (SP6);
sugar maple/hay-scented fern forest (TH1); beech/sarsaparilla/leaf litter forest (TH5); red maple–
yellow birch/striped maple forest (TH8); black spruce/cinnamon fern/Sphagnum forest (WC1);
tamarack–black spruce/lambkill/Sphagnum forest (WC7); red maple/cinnamon fern/Sphagnum
forest (WD2); red maple/sensitive fern–lady fern/Sphagnum forest (WD3); and red maple–
balsam fir/wood aster/Sphagnum forest (WD6), the likelihood of Canada Warbler occupancy
increased with % cover of Sphagnum moss. A total of 75% of sites with > 44% cover of
Sphagnum moss were occupied (10% of total sites), whereas 89% of sites with < 44% cover of
Sphagnum moss were unoccupied (68% of total sites).
At sites with > 44% cover of Sphagnum moss, likelihood of Canada Warbler occupancy
increased with higher old forest score. All sites with an old forest score > 18.5 were occupied
(7% of total sites), while all sites with an old forest score < 18.5 were unoccupied (2% of total
sites).
At sites with < 44% cover of Sphagnum moss, likelihood of Canada Warbler occupancy
also increased with old forest score. All sites with an old forest score > 58 were occupied (2% of
total sites), while 93% of sites with old forest scores < 58 were unoccupied (66% of total sites).
At sites with old forest scores < 58, likelihood of Canada Warbler occupancy increased if the %
frequency of cinnamon fern in the low shrub layer was > 50%. A total of 60% of sites with >
50% frequency of cinnamon fern in the low shrub layer were occupied (12% of total sites), while
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100% of sites with < 50% frequency of cinnamon fern in the low shrub layer were unoccupied
(54% of total sites).
Vegetation type could not be included in cross validation procedures because XLSTAT
does not support validation of categorical data; therefore, cross validation could not be conducted
for the model presented in Figure 26. The Cohen’s kappa statistic for the model in Figure 26 was
0.89, indicating that the model correctly classified my data 89% better than chance alone (Titus,
1984).
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Figure 26. Classification tree analysis results separating sites where Canada Warbler (CAWA) was present (1) vs. absent (0) using 12
site-level habitat variables.
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Discussion

Patterns in Bird Communities
The NMDS ordinations of bird abundance data allowed for interpretation of patterns in
bird communities. The ordinations indicated that high species richness does not signify
conservation priority, because most sites that had high species richness did not have species of
conservation concern. Sites with high species richness tended to have more species of open/semi
open habitat that were common (i.e. not at risk). Relatedly, my regression tree results indicated
that edges (e.g. residential, agricultural) tended to support higher numbers of species; however,
based on my NMDS results, I know that these edge-occupying species tended not to be species
of conservation concern.
The NMDS ordinations showed a clear separation between the bird communities using
forested natural areas in western and eastern PEI. Given the observed correlation between wet
forest types and the occurrence of species of conservation concern, one might expect to find
more species of conservation concern in western PEI, because the western end of PEI is
comprised mainly of poorly drained, coniferous forest (MacDougall, Veer, & Wilson, 1988, p.
16). The ordinations illustrate how sites in western PEI tended to have high species richness but
did not tend to support species of conservation concern. This discrepancy could be due to
western PEI having less mixed forest or less contiguous forest, both of which emerged as
important variables for species of conservation concern in this study.
The NMDS ordinations also illustrated the clustering of Canada Warbler-occupied sites
from different natural areas in eastern PEI. This result suggests Canada Warbler is associated
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with a certain set of bird species, or the habitat for which they share a preference, which
sometimes included other species of conservation concern. Half of the sites where Canada
Warbler was detected had additional species of conservation concern, including Boreal
Chickadee (Poecile hudsonicus), Bay-breasted Warbler (Setophaga castanea), Wilson’s Snipe
(Gallinago delicata), and Eastern Wood-pewee (Contopus virens). The Boreal Chickadee
(Poecile hudsonicus) prefers spruce (Picea spp.) forests (Ficken, McLaren, and Hailman, 1996).
The Bay-breasted Warbler (Setophaga castanea) prefers spruce (Picea spp.)−fir forests in
proximity to fresh water and sometimes bogs and swamps (Venier, Holmes, and Williams,
2011). The Wilson’s Snipe (Gallinago delicata) prefers fens and alder swamps (Mueller, 1999).
The Eastern Wood-pewee (Contopus virens) is a forest generalist and is found in both coniferous
and deciduous forests, with a more open canopy condition (Watt, McCarty, Kendrick, Newell,
and Pyle, 2017). These species seem to also be using coniferous and wet vegetation types in
eastern PEI.
The observed difference between forests in eastern and western PEI raises important
questions pertaining to bird conservation for the province. Should conservation groups prioritize
conserving forests in eastern PEI? What forest management practices could be implemented to
make western PEI more suitable for species at risk? Data from more sites would allow for more
reliable interpretations of this perceived division. A stratified survey of all remaining forest on
PEI could be a next step in understanding forest bird habitat use in PEI and provide insight into
these important questions.
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Canada Warbler in PEI
There may be regional differences in Canada Warbler habitat use between eastern and
western PEI. Canada Warbler may prefer forests in eastern PEI considering that 80% of Canada
Warbler sites were in eastern PEI and there was minimal difference between total area sampled
in each region (0.4 km2 in western PEI and 0.5 km2 in eastern PEI). Western PEI is more lowlying and has more poorly-drained soils, which tend to support more black spruce, larch, alder
and cedar (MacDougall, Veer, & Wilson, 1988, p. 16). The topography of eastern PEI is more
undulating (MacDougall, Veer, & Wilson, 1988, p. 16); upland sections tend to have more
hardwood species, including red oak, yellow birch, and sugar maple, while low-lying sections
have black spruce, larch, and alders.
The Canada Warbler’s use of cedar swamps in PEI also indicates a regional difference
between the species’ habitat use in eastern and western PEI, since cedar forests are only common
in Prince County (western PEI). Cedar swamp stands with Sphagnum moss emerged as an
important vegetation type for Canada Warbler in the classification tree that was generated for the
species using habitat variables. The species uses cedar forests in other jurisdictions as well. In
NS, Canada Warbler is common in the Hectanooga cedar swamp (Staicer, Ferrari, Westwood,
2015, p. 7) and uses cedar swamps in southwestern NB (Westwood et al., 2017, p. 6).
My results suggest that the amount of forest in the landscape matters for the Canada
Warbler. In my Mann-Whitney U tests, the amounts of coniferous and mixed forest in 5 and 10
km radii around Canada Warbler-occupied natural areas were significantly greater than in
unoccupied natural areas. Furthermore, my landscape classification tree for Canada Warbler
showed that no natural areas with less than 9% of the surrounding area in a 5 km radius in

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

101

coniferous forest were occupied. These results could be an artifact of the fragmentation of PEI’s
forests, because one would expect a forest-nesting species to be associated with more forested
areas. Nonetheless, amount of coniferous and mixed forest in the landscape should be considered
when identifying and managing habitat for Canada Warbler in PEI, and my results could offer
insight into potential thresholds for the species.
My spatial analysis results suggest that Canada Warbler could be avoiding agricultural
lands but using sites in proximity to residential edges. Haché et al. (2014) also found a negative
correlation between Canada Warbler occurrence and the proportion of agriculture in the
surrounding landscape. My spatial classification tree results show that Canada Warblers were more
likely to be at sites closer to residential development. Given that the species is known to be
sensitive to edge (McAskill 1994), my results likely do not reflect a preference for residential
edges. Perhaps in an already fragmented forest landscape like PEI’s, residential development
represents the more benign edge type (versus agricultural or shoreline).
At the site level, Canada Warblers are using habitat with similar characteristics to the
habitat they are known to occupy throughout their eastern breeding range, and in neighbouring
jurisdictions (i.e. NS and NB). My results show that Canada Warblers are using wet coniferous
and mixed forests, which is consistent across the species breeding range (Reitsma et al., 2009).
My results demonstrate that Canada Warblers are using alder thickets, black spruce stands with
Sphagnum moss, cedar stands with Sphagnum moss, red maple stands with Sphagnum moss, larchblack spruce stands with Sphagnum moss, and red maple-yellow birch stands.
Most (87%) of Canada Warbler-occupied sites in the present study were in wet forest
vegetation types; 60% were in wet coniferous vegetation types and 27% were in wet deciduous
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vegetation types. Furthermore, Canada Warbler-occupied sites were associated with greater %
cover of Sphagnum moss, which is an indicator of wet soil. Staicer et al. (2015, p. 10) had similar
results in southwestern NS, with 91% of Canada Warbler sites in wet forest vegetation types,
although Staicer et al. found a more even split between wet coniferous (46%) and wet deciduous
forest (45%) vegetation types. My results are more consistent with research from the Acadia
Research Forest in Fredericton, NB, where Churchill et al. (2017, p. 14) found that coniferous
forest stands, particularly wet coniferous stands, were more likely to support suitable Canada
Warbler habitat and that probability was also sometimes high in intolerant hardwood, red maple,
and birch stands. Westwood (2016, p. 131) and Churchill et al. (2017, p. 14) also found Canada
Warbler to be associated with shallow depth to water table, which is an indication of high soil
moisture, in southwestern NS and the Acadia Research Forest in NB.
My habitat classification tree for Canada Warbler indicated that older forest sites may be
important for Canada Warbler. Since the NS old forest score protocol also measured forest
complexity, including coarse woody debris and canopy layers, this result could also indicate that
Canada Warbler are using more complex forests.
There were some limitations to using the NS old forest score protocol in this study. Namely,
the protocol is for use in mesic forests and does not designate black spruce as an old forest species
for coring to estimate forest age. The protocol does not consider black spruce a climax species for
the Acadian forest; despite the ability for black spruce in wet forests to be very old. For example,
at one of my study sites in the Townshend Woodlot Natural Area, a black spruce tree with a DBH
of 22 cm, was determined to be 98 years old. This limitation could have led to wet sites having
lower old forests score than comparable dry forest sites.
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In the current study, Canada Warbler-occupied sites were associated with higher numbers
of song perch trees. Hallworth et al. (2008, p. 884) found song perches to be an important habitat
feature for Canada Warbler in NH and that number of song perches was correlated with male
pairing success.
Understory structure also appeared to be an important component of Canada Warbler
habitat in PEI forested natural areas. Deciduous shrubs, particularly cinnamon fern in the low shrub
layer and speckled alder in the tall shrub layer, were important for Canada Warbler in the current
study. This result is consistent with habitat use by the species across its range (Reitsma et al.,
2009), including in Southwestern NS and the Acadia Research Forest in NB. Westwood (2016, p.
20) found cinnamon fern and speckled alder to be important for Canada Warbler at the site level
in southwestern NS. Staicer et al. (2015, pp. 9–10) found Canada Warbler habitat tended to have
greater cover of deciduous shrubs, greater percent cover of high shrubs, and greater cover and
height of alder in southwestern NS. Churchill et al. (2017, p. 19) found high understory fractional
cover, a measure of shrub layer density, to be the best predictor of Canada Warbler habitat in the
Acadia Research Forest. The compilation of photographs in Figure 27 illustrates the dense shrub
layers found at four Canada Warbler-occupied sites included in the present study.
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Figure 27. Photographs of Canada Warbler-occupied sites in (a) the INT-owned Jenkins
Complex Natural Area in Mount Albion, PEI (Zahavich, 2018), (b) the provincially-owned Bear
River Natural Area in New Zealand, PEI (MacKinnon, 2018), (c) the provincially-owned Eagles
Landing Tracadie Cross Bog Natural Area in Afton Road, PEI (MacKinnon, 2018), and (d) the
INT-owned Townshend Woodlot Natural Area in Souris Line Road, PEI (MacKinnon, 2018).
Note the mixed forest composition, open canopy condition, song perches (emergent trees) in the
background, and dense shrub layer that includes cinnamon fern and mountain holly.
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Figure 28. Distribution of Canada Warbler sites used in the present study. Multiple sites within a
single natural area or within 2 km of each other are represented with different coloured markers.
Natural areas that were surveyed but had no Canada Warbler sites are indicated with a white
marker, natural areas with one Canada Warbler site are indicated with a yellow marker, two
Canada Warbler sites in a single natural area or within 2 km of each other are indicated with a
green marker, and three Canada Warbler sites in a single natural area or within 2 km of each other
are indicated with a red marker. Note that most Canada Warbler sites were in eastern PEI.
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The use of alder thickets by Canada Warbler and other species of conservation concern
should be noted, because it may have important management implications. Watershed groups
often undertake alder removal as part of riparian management in PEI. In the Technical Manual
for Watershed Management on PEI (Harris, Dupuis, Guignion, and MacFarlane, 2012, p. 102), it
is advised that alders should be removed from stream beds where they are blocking water flow,
to improve habitat for fish and diversify the riparian zone. My results indicate that by
undertaking intense alder management, watershed groups may be removing habitat used by
threatened forest birds.
The Canada Warbler’s use of alder thickets may be driven by an attraction to nearby
occupied mature forest. Hunt et al. (2017) found Canada Warbler males were more likely to
occupy a harvested forest if it was close to an occupied unharvested stand. At one of my two
alder thicket sites, there was a nearby (< 600 m away) mature forest occupied by Canada
Warbler. Hunt et al. (2017) did not detect a difference in reproductive activity between harvested
and unharvested stands but birds in harvested stands had larger home ranges, which could
indicate poorer habitat quality. Further research should be conducted to determine if alder
thickets are being used extensively by Canada Warbler in PEI and if they could represent
ecological traps. Regardless, other species of conservation concern are using them and,
furthermore, these early successional forests may be important for young birds to disperse to as
fledglings (Westwood et al., 2017, p. 14). Therefore, to prevent disturbing forest birds, I suggest
that groups conduct bird surveys for species at risk and species of conservation concern at alder
sites prior to doing any alder removal. Patches that contain species of conservation concern or
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other nesting forest birds should be left intact. Data collected by watershed groups could also
contribute to future studies of PEI forest birds.
In any future Canada Warbler studies, playbacks should be used to increase detection of
the species. Playbacks are short recordings of bird vocalizations used to attract species (Gregory,
Gibbons, & Donald, 2004, p. 50). Playbacks mimic an individual of a species; in response, other
individuals of the same species reveal themselves in the defence of their territories. In the present
study, playbacks were only used after a point count survey to confirm the presence of focal
species if detected. A focal species was only included in the community assessment if it was
confirmed. Playbacks increase the detectability of a species and have been used in other Canada
Warbler studies (Westwood, 2016; Achenbach, Bliss, and Staicer, 2017).

Managing Forest Bird Habitat
It is important to acknowledge that this study took place in the context of a changing
climate. Global climate change could have profound effects on the Acadian forest and the
species that use it. Forested wetlands, which emerged as important sites for species at risk, face
an uncertain future. Climate effects on forested wetlands have not been well studied in Atlantic
Canada, though wet areas have been drying out in Kejimkujik National Park over the last few
decades (C. Staicer, personal communication, December 21, 2019). Wetlands, more broadly,
under climate change have been studied and are projected to experience changes in hydrology,
increasing temperature, extreme weather events, and rising sea level (Junk et al. 2013). Overall,
there is a great deal of uncertainty over how the Acadian forest and forested wetlands will
respond in the face of climate change. This makes it critically important to collect baseline
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ecological data, such as those collected through the present study, so that we can monitor
changes and adapt our management accordingly.
A first step for province-wide management of forest bird habitat should be to implement
a forest bird monitoring program. Prior to the current study, there had been no forest bird
research in PEI since the early 1990s (Makepeace, 1993; Sabine, 1992). A well-designed
monitoring program could provide a baseline for future research and, in conjunction with the
collection of habitat and other environmental data, could provide insights into causes of
population changes and results of management actions (Gregory at al., 2004, pp. 18-19). A
comprehensive understanding of PEI’s fragmented forest landscape and avian diversity could be
attained by using a stratified random design to survey all of PEI’s remaining forest. A large-scale
study of the PEI forested landscape could include conservation partners like the provincial
government, partner organizations (e.g. watershed groups, Parks Canada, etc.) and volunteers.
Such a study would also require obtaining permission to access private land, since PEI’s forested
land is in 87% private ownership (Government of PEI, 2013). Landowner contact could be an
opportunity to engage landowners in forest bird protection and enhance large-scale conservation
efforts already underway.
My results both support and challenge the review by Fahrig about fragmentation (2017).
In the present study, sites with high species richness were associated with wetlands and
residential development, i.e. natural and man-made edges. An association between high species
richness and edges could support the idea that fragmentation is good for biodiversity. However,
while edge habitats supported a great variety of species, they tended to not support species of
conservation concern. Thus, edges are not good for biodiversity in the long-term, because they
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do not support species that are facing decline. Fahrig (2019) suggests that the association
between fragmentation and biodiversity is not a reason to support fragmentation as a
conservation tool, but rather it demonstrates the value of all fragments in a landscape. Given the
loss of birds documented by Rosenburg et al (2019), protecting all bird habitat, including nonforest habitats and edges, is important. However, since my focus is on supporting threatened
forest bird habitat, my management recommendations focus more on those areas and habitat
features that support greater numbers of species of conservation concern and Canada Warbler.
Conservation efforts towards conserving forest birds should be multi-level, as my results
suggest that both landscape and site-level habitat features are important for predicting species of
conservation concern occurrence. My results could provide insight into management targets at
the landscape-level for species of conservation concern and Canada Warbler. At a landscape
level, more species of conservation concern were present in areas with > 2850 hectares of
mixedwood forest in the surrounding area and with > 116 hectares of contiguous forest. Canada
Warblers were not found in areas with < 708 hectares of coniferous forest in the surrounding
area. In their recommendations for managing forests for Canada Warbler in NS, based on
research from NS and other jurisdictions, Westwood et al. (2017, p. 8) also suggest that there
should be a focus on large forested areas that include suitable habitat. My results suggest that
large tracts of mixedwood and coniferous forest with wet forests embedded in them should be a
focus for Canada Warbler conservation in PEI.
It should be noted that my study did not collect breeding evidence for either of my focal
species at risk. Future studies should devote additional effort to determine whether the birds are
indeed breeding at the sites where they were found. Known breeding sites should have priority in
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conservation planning. In practice, for groups like Island Nature Trust and the Province of PEI,
landscape-scale forest bird habitat protection could include targeted acquisition of forested land
adjacent to existing forested natural areas that support Canada Warbler and acquiring and
reforesting cleared land that is adjacent to existing forested natural areas that support Canada
Warbler. For the Province, this could also include legally protecting forested land that they
already own and that is adjacent to existing natural areas, especially areas where species at risk
and species of conservation concern are detected. One example is the unprotected forested
property in Miscouche where Canada Warbler was detected in 2018. Legal protection under
NAPA would ensure this property is protected from development in perpetuity and would build
on the existing Island Nature Trust-owned Miscouche Bog Natural Area.
In PEI, where most forested land is privately-owned (Government of Prince Edward
Island, 2013), managing the amount of forest in the landscape must also include engaging private
landowners. For conservation groups in PEI, working with private woodlot owners could mean
they are able to work towards increasing and maintaining forest in the landscape for bird
populations but not be burdened with overwhelming stewardship costs associated with acquiring
small properties.
Landowners in PEI may be willing allies in conserving forest bird habitat. A recent case
study conducted in PEI demonstrated a high degree of willingness from rural landowners to
voluntarily protect species at risk on their property (Brown, 2019). Brown (2019) conducted inperson interviews and distributed mail-out questionnaires to gauge attitudes and knowledge of
farmers towards species at risk and voluntary protection of species at risk. Most respondents had
a foundational knowledge of species at risk and expressed their willingness to protect them but
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lacked an understanding of species at risk policy (Brown, 2019). Similarly, in an unpublished
survey conducted by Island Nature Trust (2017) with members of the PEI Woodlot Owners
Society, there was a high degree of willingness among woodlot owners to protect habitat for
forest birds. However, most survey participants suggested that they did not have the knowledge
to identify species at risk in their forests or to manage their woodlots in ways that are beneficial
for species at risk. A first step in engaging woodlot owners would be to provide identification
tools and to develop best management practices.
My results could have important implications for how we reforest abandoned land. At the
landscape level, my results suggest species of conservation concern are associated with greater
area of mixed forest. Without human intervention, abandoned land in PEI often naturally grows
into old field white spruce, a vegetation type characterized by even-aged stands of white spruce
with sparse vegetation in the shrub and herbaceous layers (Neily et al., 2010). If landowners wish
to see abandoned land reforested, they should be encouraged, even incentivised, to plant a mixed
wood forest.
Wet forests should be prioritized for protection because they have high conservation
value and they are vulnerable in Atlantic Canada. I found that wet forests tend to support a
higher species richness, greater numbers of species of conservation concern, and Canada
Warbler. Rice (2019) reviewed wetland policies in NB, NS, Newfoundland, and PEI, and found
that forested wetlands are not well covered by existing protective wetland policies because they
are not well delineated on provincial land use maps. Rice (2019) found that wetland inventories
were outdated and were based on human interpretation of aerial photographs, which often
resulted in misidentified or missed wetlands. In the present study, I also encountered forested
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wetlands which on provincial land use maps were labelled as forests and thus not protected by
wetland legislation.
In southern NB, studies on characterizing habitat for Canada Warbler have been
conducted and data were used to create species distribution models using light detection and
range (LIDAR) data (Churchill, et al., 2017). These LIDAR-based models performed well at
predicting suitable Canada Warbler habitat in the Acadia Research Forest in NB (Churchill, et
al., 2017, p. 14). LIDAR data are useful for characterizing soil moisture and forest structure,
including understory density, both of which are important components for Canada Warbler
habitat and for other species of conservation concern. PEI does not currently have LIDAR data
available. Obtaining LIDAR data for the province and then developing models to predict
important forest bird habitat could be an additional step towards province-wide planning for
protecting forest-nesting species at risk.
There may also be opportunities to use stand-level management to enhance habitat for
species of conservation concern and Canada Warbler. At the stand level, my results indicate the
importance of the shrub layers for both Canada Warbler and avian diversity in general. Diverse
shrub layers that include a mix of deciduous and coniferous vegetation are important for
supporting avian diversity in PEI forested natural areas. For Canada Warbler, cinnamon fern in
the low shrub layer and speckled alder in the tall shrub layer appear to be particularly important.
For sites in vegetation types that are associated with Canada Warbler and species of conservation
concern (e.g. wet coniferous or wet deciduous stands that have Sphagnum moss) and that lack
the species’ preferred shrubs, land managers could consider supplementing the shrub layers with
plantings of cinnamon fern, and other deciduous species like mountain holly, lambkill, wild
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raisin (Viburnum nudum), and velvetleaf blueberry (Vaccinium myrtilloides). This could be
particularly important in areas of PEI where the land has been ploughed for agriculture in the
past and the native seed bank has been depleted from the soil.
Westwood et al. (2016, p. 9) suggest leaving ≥ 12 dead standing trees as song perch trees
per hectare for Canada Warbler. My results suggest that ≥ 24 song perch trees per hectare (the
median value at Canada Warbler-occupied sites) would be a more appropriate recommendation
for PEI natural areas.
Based on the results of the current study, there may be limited opportunities in PEI to
manage habitat for both focal species in PEI natural areas, since Canada Warblers appear to be
sensitive to fragmentation and Olive-sided Flycatchers prefer edge habitat. However, because
some edge habitat (e.g. wet riparian forests) is natural and would not be fragmented, and the
Olive-sided Flycatcher’s territory is large, i.e. 40–45 hectares (Altman & Sallabanks, 2012),
there are likely areas where the two species’ territories overlap. For example, the red
maple/sensitive fern-lady fern/Sphagnum site in Eagles Landing Tracadie Cross Bog Natural
Area, Afton Road, PEI, where both species were detected in 2018.

Future Studies
The sample size in the current study was relatively small and additional survey sites
would allow for more robust identification of trends. However, this study provides direction for
future research on forest birds in PEI.
The methods used in the present study could be applied to any forest bird species. Of
interest would be other priority species, such as Eastern Wood-pewee (Contopus virens), a
Species of Special Concern (Government of Canada, n.d.a). In our surveys we detected nine
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species of conservation concern, including 10 Eastern Wood-pewees. Thus, this research
provides a foundation for future forest bird research in PEI.
Future studies should explore differences in focal species’ and bird community habitat
use between different management scenarios and different regions of PEI. The current study was
limited to legally-protected natural areas and a few provincially-owned managed forests in PEI.
Canada Warbler are known to use managed forests in NS (Westwood, 2016, p. 23) and were
found in alder thickets in the present study, and Olive-sided Flycatchers have been found to
occupy man-made edges such as coniferous edges of clear cuts (Stewart et al., 2015, p. 308).
Other studies have suggested clear cut edges are ecological traps (Robertson and Hutto, 2007, p.
117); therefore, additional research should be undertaken to study focal species’ habitat use in
more intensively-managed and privately-owned forests in PEI. The bird communities using
managed woodlots and early successional forests should be studied to gather baseline data for
testing whether management recommendations are effective in the long term. Future studies
should explore the regional differences in bird communities my study found between eastern and
western PEI, and determine whether this difference could be based on underlying landscape- and
stand-scale habitat variables.
As we do more research and learn more about forest bird habitat use in PEI, it is critical
that scientists share their findings with foresters, woodlot owners, forest managers, and the
public. Research should inform best management practices for forest-nesting species at risk.
Finally, while it is important to protect critical habitat for a species at risk in its breeding
range, factors on the breeding ground may not be driving the decline of Canada Warbler or
Olive-sided Flycatcher. Recent research by Wilson, Saracco, Krikun, Flockhart, Godwin, &
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Foster (2018, p. 5) suggests that the main drivers of Canada Warbler decline in its eastern
breeding region are low recruitment and negative apparent survival. Both recruitment and
apparent survival are parameters influenced more by factors in the non-breeding grounds
(Wilson et al., 2018). English, Green, and Nocera (2018, p. 10) suggest that the drastic declines
currently being observed in aerial insectivore populations, like Olive-sided Flycatcher, could be
due to changes in insect populations. Using novel techniques that involve analyzing and
comparing stable isotopes found in museum and live specimens, English et al. (2018)
demonstrated that Whip-Poor-Wills (Caprimulgus vociferous), an aerial insectivore, today are
feeding at lower trophic levels than in the past. Therefore, in addition to characterizing critical
habitat for forest-nesting species in PEI, further research efforts should also focus on factors
impacting insect populations and future conservation efforts should involve international
collaboration.

Conclusion
PEI’s forest landscape is fragmented but it provides habitat for many species, including
species at risk. In this study, sites that had more bird species tended not to have more species of
conservation concern. Canada Warbler and other species of conservation concern tended to occur
in wet coniferous vegetation types and in eastern PEI.
At a landscape level, Canada Warbler habitat use was associated with greater amounts of
coniferous and mixed forest in the landscape. Spatially, the species was using natural areas that
were farther from agricultural development but closer to residential development, and with more
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contiguous forest. At the stand level, Canada Warbler most often occupied wet coniferous and
wet deciduous forest vegetation types. Occupied sites tended to have higher old forest scores,
more song perches, more Sphagnum moss, more cinnamon fern in the low shrub layer, and more
speckled alder in the tall shrub layer. My results for Canada Warbler habitat use were consistent
with other studies from NB, NS, and the northeastern USA. Some forest management
recommendations for managing Canada Warbler habitat developed in other jurisdictions may be
applicable to PEI but should be adapted to local forest conditions.
Future studies should aim to improve species at risk and forest bird conservation in PEI
by surveying all remaining forest habitat, engaging volunteers and private landowners in forest
bird conservation, using new imaging techniques such as LIDAR in modelling of habitat use by
species of conservation concern, and addressing underlying issues facing avian species,
including insect decline.
Overall, my study provides insight into patterns of forest bird habitat use in PEI natural
areas and habitat use by Canada Warbler. It also provides a foundation for future forest bird
research and habitat conservation in PEI.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

117

References
Achenbach, L., Bliss, S., and Staicer, C. (2017). Landbirds at Risk in Forested Wetlands Project
2017 Guide for Volunteers [PDF document]. Retrieved from
http://landbirdsar.merseytobeatic.ca/wp/wp-content/uploads/2017/03/Volunteer-guide2017-CAS.pdf
Altman, B. & Sallabanks, R. (2012). Olive-sided Flycatcher (Contopus cooperi), version 2.0. In
The Birds of North America (P. G. Rodewald, editor). Cornell Lab of Ornithology, Ithaca,
New York, USA. Retrieved June 9, 2018 from https://doi.org/10.2173/bna.502
Atlantic Canada Conservation Data Centre. (2019). AC CDC Biodiversity Database [Database].
Retrieved September 20, 2019 from http://accdc.com/en/ranks.html
Ball, J., Sólymos, P., Schmiegelow, F., Haché, S., Schieck, J., & Bayne, E. (2016). Regional
habitat needs of a nationally listed species, Canada Warbler (Cardellina canadensis), in
Alberta, Canada. Avian Conservation and Ecology, 11(2).
Bent, A. C. (1942). Bulletin of the United States National Museum: Vol. 179. Life histories of
North American flycatchers, larks, swallows, and their allies. Order Passeriformes
(Families Cotingidae, Tyrannidae, Alaudidae, and Hirundinidae). Washington, DC,
USA. United States Government Printing Office.
Bliss, S., Achenbach, L., & Staicer, C. (2017). Forested Wetland Vegetation and Species at Risk
Habitat Surveys – Detailed Work Protocol. Unpublished internal document, Dalhousie
University.
Block, W. M., & Brennan, L. A. (1993). The habitat concept in ornithology. In Current
Ornithology (pp. 35-91). Springer US.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

118

Brazner, J., & Achenbach, L. (2019). Do Breeding Bird Communities or Conservation Value
Differ Among Forested Wetland Types or Ecoregions in Nova Scotia?. Wetlands, 1-13.
Brazner, J. & MacKinnon, F. (2019). Relative conservation value of Nova Scotia forests: Are
forested wetlands biodiversity hotspots? [PDF Document]. Retrieved from
https://atlanticforestedwetlandsproject.home.blog/presentations/
Brown, H. C. P. (2019). Exploring rural landowners’ willingness to protect species at risk in
Prince Edward Island. The Canadian Geographer/Le Géographe canadien, 63(2), 312325.
Churchill, J., Blaney, S., & Klymko, J. (2017). Final Report: Canada Warbler Species
Distribution Modelling using LIDAR with the Acadia Research Forest, New Brunswick.
Sackville, NB: Atlantic Canada Conservation Data Centre.
De'ath, G., & Fabricius, K. E. (2000). Classification and regression trees: a powerful yet simple
technique for ecological data analysis. Ecology, 81(11), 3178-3192.
Department of Communities, Land and Environment. (2018). Ecosystem-Based Forest
Management Standards Manual. Retrieved from
https://www.princeedwardisland.ca/en/information/communities-land-andenvironment/provincial-forests
Dexter, E., Rollwagen‐Bollens, G., & Bollens, S. M. (2018). The trouble with stress: A flexible
method for the evaluation of nonmetric multidimensional scaling. Limnology and
Oceanography: Methods, 16(7), 434-443.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

119

Dijak, W. D., & Thompson III, F. R. (2000). Landscape and edge effects on the distribution of
mammalian predators in Missouri. Journal Of Wildlife Management. Vol. 64 no. 1.: p.
209-216.(2000), 64(1).
Doka, G. (2013). Excel 3D Scatter Plot [Excel macros and workbook]. Retrieved from
https://www.doka.ch/Excel3Dscatterplot.htm
Dunford, W., & Freemark, K. (2005). Matrix matters: effects of surrounding land uses on forest
birds near Ottawa, Canada. Landscape Ecology, 20(5), 497-511.
Environment and Climate Change Canada. (2017). North American Breeding Bird Survey –
Canadian Trends Website, Data-version 2015. Retrieved from https://wildlifespecies.canada.ca/breeding-bird-survey-results/P002/A001/?lang=e
Environment and Climate Change Canada Canadian Wildlife Service Critical Habitat
Community of Practice. (2016). Species at Risk Act Implementation Guidance for
Recovery Practitioners Critical Habitat Identification Toolbox.
Environment Canada. (2013). Bird Conservation Strategy for Bird Conservation Region 14 in
Prince Edward Island and Marine Biogeographic Unit 12: Atlantic Northern Forest and
Gulf of St. Lawrence. Retrieved from
http://www.publications.gc.ca/pub?id=9.699378&sl=0
Environment Canada. (2016a). Recovery Strategy for the Canada Warbler (Cardellina
canadensis) in Canada. Retrieved from Species at Risk Public Registry website:
https://wildlife-species.canada.ca/species-riskregistry/document/default_e.cfm?documentID=2730

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

120

Environment Canada. (2016b). Recovery Strategy for the Olive-sided Flycatcher (Contopus
cooperi) in Canada. Retrieved from Species at Risk Public Registry website:
https://wildlife-species.canada.ca/species-riskregistry/document/default_e.cfm?documentID=2729
ESRI. (2017). ArcGIS. [Software]. Available from: https://arcg.is/0SimD8
Fahrig, L. (2017). Ecological responses to habitat fragmentation per se. Annual Review of
Ecology, Evolution, and Systematics, 48, 1-23.
Fahrig, L., Arroyo-Rodríguez, V., Bennett, J.R., Boucher-Lalonde, V., Cazetta, E., Currie, D.J.,
Eigenbrod, F., Ford, A.T., Harrison, S.P., Jaeger, J.A. and Koper, N. (2019). Is habitat
fragmentation bad for biodiversity?. Biological Conservation, 230, 179-186.
Ficken, M. S., M. A. McLaren, and J. P. Hailman (1996). Boreal Chickadee (Poecile
hudsonicus), version 2.0. In The Birds of North America (A. F. Poole and F. B. Gill,
Editors). Cornell Lab of Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bna.254
Fletcher, R., Didham, R., Banks-Leite, C., Barlow, J., Ewers, R., Rosindell, J., . . . Haddad, N.
(2018). Is habitat fragmentation good for biodiversity? Biological Conservation, 226, 915. doi:10.1016/j.biocon.2018.07.022
Government of Canada. (2016, January 11). Species at Risk Public Registry – Species at Risk
Act. Retrieved from: http://www.sararegistry.gc.ca/default.asp?lang=En&n=8BB77EC21
Government of Canada. (2017a, April 13). COSEWIC wildlife species assessment: process,
categories and guidelines. Retrieved from: https://www.canada.ca/en/environment-

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

121

climate-change/services/committee-status-endangered-wildlife/wildlife-speciesassessment-process-categories-guidelines.html
Government of Canada. (2017b, May 26). Breeding Bird Survey Overview. Retrieved from:
https://www.canada.ca/en/environment-climate-change/services/birdsurveys/landbird/north-american-breeding/overview.html
Government of Canada. (n.d.a). Species Profile (Eastern Wood-pewee) – Species at Risk Public
Registry. Retrieved February 26, 2019, from https://wildlife-species.canada.ca/speciesrisk-registry/species/speciesDetails_e.cfm?sid=1198#ot18
Government of Canada. (n.d.b). Species Profile (Olive-sided Flycatcher) – Species at Risk Public
Registry. Retrieved January 29, 2019, from https://wildlife-species.canada.ca/speciesrisk-registry/species/speciesDetails_e.cfm?sid=999
Government of Prince Edward Island. (2003). 2000/02 Prince Edward Island Corporate Land
Use Inventory: Land Use and Land Cover Summary. Retrieved from
https://www.princeedwardisland.ca/sites/default/files/publications/2002_corporate_land_
use_inventory.pdf
Government of Prince Edward Island. (2004). Prince Edward Island Forest Policy Discussion
Paper. Retrieved from www.gov.pe.ca/photos/original/eef_for_discuss.pdf
Government of Prince Edward Island. (2013). State of the Forest Report 2010. Retrieved from:
https://www.princeedwardisland.ca/sites/default/files/publications/2010_state_of_the_for
est_report.pdf
Government of Prince Edward Island. (2015). General Introduction to Island Forest History and
Ecology. Retrieved from

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

122

https://www.princeedwardisland.ca/en/information/communities-land-andenvironment/general-introduction-island-forest-history-and-ecology
Government of Prince Edward Island. (2019). Forest Enhancement Program (FEP): Forestry
Services for Private Forest Land Owners. Retrieved from
https://www.princeedwardisland.ca/en/information/environment-water-and-climatechange/forest-enhancement-program-fep-forestry-services
Greenacre, M. (n.d.). Measures of distance between samples: non-Euclidean. Retrieved from
http://www.econ.upf.edu/~michael/stanford/
Gregory, R. D., Gibbons, D. W., & Donald, P. F. (2004). Bird census and survey techniques. In
I. Newton & W. J. Sutherland (Eds.), Bird ecology and conservation. 17-56.
Haché, S., Solymos, P., Fontaine, T., Bayne, E., Cumming, S., Schmiegelow, F., & Stralberg, D.
(2014). Habitat of olive-sided flycatcher, Canada warbler, and common nighthawk in
Canada. Boreal Avian Modelling Project, Edmonton, AB.
Hallworth, M., Ueland, A., Anderson, E., Lambert, J. D., & Reitsma, L. (2008). Habitat selection
and site fidelity of Canada Warblers (Wilsonia canadensis) in central New Hampshire.
The Auk, 125(4), 880-888.
Harris, M., Dupuis, T., Guignion, D., and MacFarlane, R. (2012). Technical Manual for
Watershed Management on Prince Edward Island. Retrieved from the PEI Watershed
Alliance website: https://peiwatershedalliance.org/?page_id=26319
Hunt, A. R., Bayne, E. M., & Haché, S. (2017). Forestry and conspecifics influence Canada
Warbler (Cardellina canadensis) habitat use and reproductive activity in boreal Alberta,
Canada. The Condor: Ornithological Applications, 119(4), 832-847.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

123

IBM Corp. (2017). IBM SPSS Statistics for Windows, Version 25.0 [computer software].
Armonk, NY: IBM Corp.
Island Nature Trust. (2017). Woodlot Owners Survey Results. Unpublished report.
Island Nature Trust. (2018). Evaluation Criteria for Potential Land Acquisitions. Unpublished
policy document.
Jones, P. F., Downey, B. A., Downey, B. D., Taylor, K., Miller, A. J., & Demaere, C. (2019).
Listen, Learn, Liaise: Taking the Species out of Species-At-Risk Through
Engagement. Rangelands.
Junk, W. J., An, S., Finlayson, C. M., Gopal, B., Květ, J., Mitchell, S. A., Mitsch, W. J., &
Robarts, R. D. (2013). Current state of knowledge regarding the world’s wetlands and
their future under global climate change: a synthesis. Aquatic sciences, 75(1), 151-167.
Kruskal, J. B. (1964). Nonmetric multidimensional scaling: a numerical method. Psychometrika,
29(2), 115-129.
Lindenmayer, D. B., Manning, A. D., Smith, P. L., Possingham, H. P., Fischer, J., Oliver, I., &
McCarthy, M. A. (2002). The focal‐species approach and landscape restoration: a
critique. Conservation biology, 16(2), 338-345.
Loo, J., & Ives, N. (2003). The Acadian forest: historical condition and human impacts. The
Forestry Chronicle, 79(3), 462-474.
MacDougall, J.I., Veer, C., & Wilson, F. (1988). Soils of Prince Edward Island. Ottawa Ontario:
Research Branch, Agriculture Canada.
MacKenzie, D. I., & Royle, J. A. (2005). Designing occupancy studies: general advice and
allocating survey effort. Journal of applied Ecology, 42(6), 1105-1114.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

124

MacMillan, M. & Vasseur, J. (2019). Prince Edward Island Habitat Conservation Strategy.
Nature Conservancy of Canada.
Makepeace, S. (1993). Surveys of breeding bird communities in managed and unmanaged forest
stands on Prince Edward Island. Charlottetown, Prince Edward Island. Forestry Canada.
McAskill, J. D. (1987). The People’s Forest. Island Magazine, (22), 20-28.
McAskill, J. D. (1994). Prince Edward Island Forest Wildlife Manual. Prince Edward Island.
Department of Agriculture, Fisheries, Aquaculture and Forestry.
Mitchell, M. S., Lancia, R. A., & Gerwin, J. A. (2001). Using landscape‐level data to predict the
distribution of birds on a managed forest: effects of scale. Ecological Applications, 11(6),
1692-1708.
Mueller, H. (1999). Wilson’s Snipe (Gallinago delicata), version 2.0. In The Birds of North
America (A. F. Poole and F. B. Gill, Editors). Cornell Lab of Ornithology, Ithaca, NY,
USA. https://doi.org/10.2173/bna.417
Natural Resources Canada. (2017). Forest classification. Retrieved September 20, 2019 from
https://www.nrcan.gc.ca/our-natural-resources/forests-forestry/sustainable-forestmanagement/measuring-reporting/forest-classification/13179#composition
Neily, P., Keys, K., Quigley, E., Basquil, S., & Stewart, B. (2010) Forest Ecosystem
Classification for Nova Scotia. Renewable Resources Branch, Nova Scotia Department of
Natural Resources, Province of Nova Scotia.
North American Bird Conservation Initiative. (2016). The State of North America’s Birds 2016.
Retrieved from www.stateofthebirds.org

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

125

North American Bird Conservation Initiative Canada. (2012). The State of Canada’s Birds, 2012.
Retrieved from www.stateofcanadasbirds.org
North American Bird Conservation Initiative Canada. (2019). The State of Canada’s Birds, 2019.
Environment and Climate Change Canada. Retrieved from www.stateofcanadasbirds.org
Nova Scotia Department of Natural Resources. (2012). Nova Scotia’s Old Forest Policy.
Retrieved from https://novascotia.ca/natr/library/forestry/reports/Old-Forest-Policy2012.pdf
Pidgeon, A. M., Radeloff, V. C., Flather, C. H., Lepczyk, C. A., Clayton, M. K., Hawbaker, T. J.,
& Hammer, R. B. (2007). Associations of forest bird species richness with housing and
landscape patterns across the USA. Ecological Applications, 17(7), 1989-2010.
Prince Edward Island Wildlife Conservation Fund. (2018). Bird Studies Canada – PEI Wildlife
Convservation Fund. Retrieved from http://www.peiwcf.ca/bird-studies-canada/
Province of Prince Edward Island. (1988). Natural Areas Protection Act. Retrieved from
https://www.princeedwardisland.ca/en/legislation/natural-areas-protection-act
Reitsma, L., M. Goodnow, M. T. Hallworth, & C. J. Conway. (2009). Canada Warbler
(Cardellina canadensis), version 2.0. In The Birds of North America (A. F. Poole,
Editor). Cornell Lab of Ornithology, Ithaca, NY, USA. Retrieved June 9, 2018, from
https://doi.org/10.2173/bna.421
Rice, M. (2019). Vulnerability of Forested Wetlands in Wetland Policies across Atlantic Canada
[PowerPoint presentation]. Retrieved from Atlantic Forested Wetlands Project website:
https://atlanticforestedwetlandsproject.home.blog/presentations/

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

126

Robertson, B. A., & Hutto, R. L. (2007). Is selectively harvested forest an ecological trap for
Olive-sided Flycatchers?. The Condor, 109(1), 109-121.
Rosenberg, K. V., Dokter, A. M., Blancher, P. J., Sauer, J. R., Smith, A. C., Smith, P. A., ... &
Marra, P. P. (2019). Decline of the North American avifauna. Science, 366(6461), 120124.
Sabine, D. (1992). Effects of thinning on winter bird communities in Prince Edward Island
Woodlots. Charlottetown, Prince Edward Island. Forestry Canada.
Sallabanks, R., Haufler, J. B., & Mehl, C. A. (2006). Influence of forest vegetation structure on
avian community composition in west‐central Idaho. Wildlife Society Bulletin, 34(4),
1079-1093.
Silverlight/WPF Development Team. (2012, May 24). Measure Tool. Retrieved from
https://www.arcgis.com/home/item.html?id=7530abad98bd471da53a2d1716928c40
Simpson, J. (2008). Restoring the Acadian Forest: A Guide to Forest Stewardship for Woodlot
Owners in Eastern Canada. Halifax, NS: Nimbus Publishing Limited.
Staicer, C., Ferrari, C., Westwood, A. (2015). Habitat Modeling for Landbird Species at Risk in
Southwestern Nova Scotia. Retrieved from the NS Habitat Conservation Fund website:
https://novascotia.ca/natr/wildlife/habfund/projects-2013.asp
Stewart, R. L. M., Bredin, K. A., Couturier, A. R., Horn, A. G., Lepage, D., Makepeace, S.,
Taylor, P. D., Villard, M.-A., & Whittam, R. M. (eds). (2015). Second Atlas of Breeding
Birds of the Maritime Provinces. Sackville, NB: Bird Studies Canada, Environment
Canada, Natural History Society of Prince Edward Island, Nature New Brunswick, New
Brunswick Department of Natural Resources, Nova Scotia Bird Society, Nova Scotia

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

127

Department of Natural Resources, and Prince Edward Island Department of Agriculture
and Forestry.
Thompson, F., Donovan, T., DeGraff, R., Faaborg, J., & Robinson, S. (2002). A multi-scale
perspective of the effects of forest fragmentation on birds in eastern forests. Studies in
Avian Biology No. 25. 8-19.
Titus, K., Mosher, J., & Williams, B. (1984). Chance-corrected Classification for Use in
Discriminant Analysis: Ecological Applications. The American Midland Naturalist,
111(1), 1-7. doi:10.2307/2425535
Tufts, R. W. (1986). Birds of Nova Scotia. Halifax, NS: Nimbus Publishing Limited; Halifax,
NS: Nova Scotia Museum.
Venier, L., S. Holmes, and J. M. Williams (2011). Bay-breasted Warbler (Setophaga castanea),
version 2.0. In The Birds of North America (A. F. Poole, Editor). Cornell Lab of
Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bna.206
Watt, D. J., J. P. McCarty, S. W. Kendrick, F. L. Newell, and P. Pyle (2017). Eastern WoodPewee (Contopus virens), version 2.0. In The Birds of North America (P. G. Rodewald,
Editor). Cornell Lab of Ornithology, Ithaca, NY, USA.
https://doi.org/10.2173/bna.eawpew.02
Westwood, A. R. (2016). Conservation of three forest landbird species at risk: Characterizing
and modelling habitat at multiple scales to guide management planning. (Unpublished
doctoral dissertation). Dalhousie University, Halifax, Nova Scotia.

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

128

Westwood, A., Harding, C., Reitsma, L., & Lambert, D. (2017). Guidelines for Managing
Canada Warbler Habitat in the Atlantic Northern Forest of Canada. Hartland, VT: High
Branch Conservation Services.
White, A. M., Zipkin, E. F., Manley, P. N., & Schlesinger, M. D. (2013). Conservation of avian
diversity in the Sierra Nevada: moving beyond a single-species management focus. PloS
one, 8(5), e63088.
Wilson, S., Saracco, J. F., Krikun, R., Flockhart, D. T., Godwin, C. M., & Foster, K. R. (2018).
Drivers of demographic decline across the annual cycle of a threatened migratory bird.
Scientific reports, 8(1). DOI:10.1038/s41598-018-25633-z

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

129

Appendix A – Maps of Study Areas

Figure A1. Point count locations in the Acadian Marshes Natural Area in Alaska, Prince County,
PEI
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Figure A2. Point count locations in the Alice Margaret MacMillan Natural Area in Wood
Islands, Queens County, PEI
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Figure A3. Point count location in the Bear River Natural Area in New Zealand, Kings County,
PEI
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Figure A4. Point count locations in the Bird Island Natural Area in Malpeque Bay, Prince
County, PEI
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Figure A5. Point count location where Olive-sided Flycatcher (OSFL) was detected in the
Blooming Point Natural Area in Blooming Point, Queens County, PEI
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Figure A6. Point count locations in the Deroche Pond Natural Area in Blooming Point, Queens
County, PEI
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Figure A7. Location where Canada Warbler (CAWA) and Olive-sided Flycatcher (OSFL) were
incidentally detected in the Eagles Landing Tracadie Cross Bog Natural Area in Afton Road,
Queens County, PEI
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Figure A8. Point count locations in the Forest Hill Wetlands Natural Area in Forest Hill, Kings
County, PEI
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Figure A9. Point count locations in the Jenkins Complex Natural Area in Mount Albion, Queens
County, PEI
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Figure A10. Point count locations in the Kildare Forest Natural Area in Huntley, Prince County,
PEI
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Figure A11. Point count locations in the Malcolm McArthur 1899 Natural Area in Elmwood,
Queens County, PEI
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Figure A12. Location where a Canada Warbler (CAWA) was detected in INT’s Miscouche Bog
Natural Area in Miscouche, Prince County, PEI, and a nearby location to the north where Canada
Warbler was detected in a Provincially-owned forest.
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Figure A13. Locations where Canada Warbler (CAWA) was detected in the Morell River
Riparian Zone Natural Areas in Riverton, Kings County, PEI
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Figure A14. Point count locations in the St. Chrysostome Cedar Woodlands Natural Area in St.
Chrysostome, Prince County, PEI
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Figure A15. Point count locations in the Townshend Woodlot Natural Areas in Souris Line
Road, Kings County, PEI
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Figure A16. Location where Olive-sided Flycatcher (OSFL) was detected in the West River
Riparian Zone Natural Area in Riverdale, PEI
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Appendix B – Summary of Habitat Survey Locations
Table B1. Summary of habitat survey locations. For sites where no point count surveys were conducted or sites where the point count
data could not be used because they were < 200 m from another site, cumulative species richness and number of species of
conservation concern were not calculated.

Location ID
ACM-PC1
ACM-PC4
ACM-PC6
AMM-PC1
AMM-PC2
BII-PC1
BII-PC3
BLP-PC1
BRIPE-PC1
DEP-PC1
DEP-PC3
DEP-PC6
DEP-PC8
DEP-PC9
EAGPE-PC1
FHIPE-PC1
FHIPE-PC2
JCO-PC1
JCO-PC3

Natural Area (Ownership)
Acadian Marshes Natural Area (INT)
Acadian Marshes Natural Area (INT)
Acadian Marshes Natural Area (INT)
Alice Margaret MacMillan Natural Area (INT)
Alice Margaret MacMillan Natural Area (INT)
Bird Island Natural Area (INT)
Bird Island Natural Area (INT)
Blooming Point Natural Area (INT)
Bear River Natural Area (PE)
Deroche Pond Natural Area (INT)
Deroche Pond Natural Area (INT)
Deroche Pond Natural Area (INT)
Deroche Pond Natural Area (INT)
Deroche Pond Natural Area (INT)
Eagles Landing Tracadie Cross Bog Natural Area
(PEI)
Forest Hill Wetlands Natural Area (PE)
Forest Hill Wetlands Natural Area (PE)
Jenkins Complex Natural Area (INT)
Jenkins Complex Natural Area (INT)

County
Prince
Prince
Prince
Queens
Queens
Prince
Prince
Queens
Kings
Queens
Queens
Queens
Queens
Queens
Queens
Kings
Kings
Queens
Queens

Species
Richness
(Cumulative)
8
17
21
18
20
15
14
17
18
11
13
15
18
23
-

CAWA
present
N
N
N
Y
N
N
N
Y
Y
N
N
N
N
N
Y

OSFL
present
N
N
N
N
N
N
N
Y
N
N
N
N
N
N
Y

17
17
18
17

N
Y
Y
Y

N
N
N
N

No. Sp. of
Conservation
Concern
1
1

NS FEC
Vegetation
Type
ALD
IH6

0

WD6

1

ALD

0

WC1

0
0

MW5
IH7

1
2

WD3
WC2

0
0

OF1
OF1

2
0
0
-

WC1
WD2
OF4
WD2

0
2
1
2

WD6
WC7
WD3
WC2

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

Location ID
KIL-PC1
KIL-PC3
MAM-PC1
MAM-PC4
MIS-ARU
MISPE
MRR-1
MRR-2
MRRPE-1
SCHPE-PC1
SCHPE-PC2
SCHPE-PC3
TOW-PC1
TOW-PC3
TOWPE-PC1
WRR-1

Natural Area (Ownership)
Kildare Forest Natural Area (INT)
Kildare Forest Natural Area (INT)
Malcolm McArthur 1899 Natural Area (INT)
Malcolm McArthur 1899 Natural Area (INT)
Miscouche Bog Natural Area (INT)
Miscouche Bog Natural Area (PE)
Morell River Riparian Zone Natural Area (INT)
Morell River Riparian Zone Natural Area (INT)
Morell River Riparian Zone Natural Area (PE)
St. Chrysostome Cedars Woodland Natural Area
(PE)
St. Chrysostome Cedars Woodland Natural Area
(PE)
St. Chrysostome Cedars Woodland Natural Area
(PE)
Townshend Woodlot Natural Area (INT)
Townshend Woodlot Natural Area (INT)
Townshend Woodlot Natural Area (PE)
West River Riparian Zone Natural Area (PE)
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Species
Richness
(Cumulative)
18
14
16
5
17

CAWA
present
N
N
N
N
Y
Y
Y
Y
Y
N

OSFL
present
N
N
N
N
N
N
N
N
N
N

Prince

17

N

Prince

16

Kings
Kings
Kings
Queens

13
15
19
-

County
Prince
Prince
Queens
Queens
Prince
Prince
Kings
Kings
Kings
Prince

No. Sp. of
Conservation
Concern
0
1
2
0

NS FEC
Vegetation
Type
WD3
WC7
TH8
TH8

-

CE1
CE1

-

ALD

0

SP7
WC1
CE2

N

0

CE2

N

N

0

WD2

Y
N
Y
N

N
N
N
Y

2
0

WC1
TH5

1
-

WC2
SH10

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

147

Appendix C – List of Habitat, Spatial, and Landscape Variables
Table C1. A summary of stand- and landscape-scale habitat variables that were collected in the
current study.
Scale or Vertical
Layer
Stand-scale

Mnemonic

VEG_TYPE

SNG_PRCH
ELVTN
OFS
WTR_FT
CAN_COV
SW_COV
HW_COV
HL_CON
SH_CON
TS_CON
Bryophyte-Lichen
Layer % Cover
(mean of 3 1-m2
quadrats)

BL_SPHAG
BL_BRYO
BL_LICHEN
BL_FUNGI
BL_LEAFLIT
BL_WDDEB
BL_ROCK
BL_SOIL
BL_WATER
BL_MUD
BL_STEMS

Herbaceous Layer
(<0.25 m) %

HL_ABIBAL
HL_ACEPEN
HL_ACERUB

Description
Vegetation type based on the Nova Scotia Forest Ecosystem
Classification system, and including ALD which was added
to describe two sites where Canada Warbler were incidentally
detected
Number of song perches visually estimated within a 20 m
radius from the center of the stand sample
Elevation in m, taken on-site with a global positioning system
(GPS) unit
Old forest score, a measure calculated using protocols
developed by Nova Scotia Department of Natural Resources.
The total area of water (m2) features that intersect with
transects divided by number of transects (3)
Canopy Cover (%)– a mean of all measurements recorded
from transects
Softwood cover in overstory (%)
Hardwood cover in overstory (%)
Proportion of coniferous vegetation in the herbaceous layer
Proportion of coniferous vegetation in the low shrub layer
Proportion of coniferous vegetation in the tall shrub layer
Percent cover of Sphagnum moss in 1 x 1 m quadrat
Percent cover of other moss in 1 x 1 m quadrat
Percent cover of lichens in 1 x 1 m quadrat
Percent cover of fungi in 1 x 1 m quadrat
Percent cover of needle/leaf litter in 1 x 1 m quadrat
Percent cover of woody debris in 1 x 1 m quadrat
Percent cover of rock in 1 x 1 m quadrat
Percent cover of bare soil in 1 x 1 m quadrat
Percent cover of water in 1 x 1 m quadrat
Percent cover of wet or dry mud in 1 x 1 m quadrat
Percent cover of stems of herbaceous plants in 1 x 1 m
quadrat
Balsam fir (Abies balsamea)
Striped maple (Acer pensylvanicum)
Red maple (Acer rubrum)
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Scale or Vertical
Layer
frequency (mean of
3 1-m2 quadrats)

Mnemonic

Description

HL_ACESAC
HL_ACESPI
HL_ALNINC
HL_AMESPP
HL_ARANUD
HL_ASTACU
HL_ASTSPP
HL_ATHFIL
HL_BETPAP
HL_BETSPP
HL_CALPAL
HL_CICBUL
HL_CLIBOR
HL_COPTRI
HL_CORCAN
HL_CORSER
HL_CYPACA
HL_CYPERC
HL_DENPUN
HL_DRYCRI
HL_DRYINT
HL_DRYSPP
HL_EPIREP
HL_EQUARV
HL_EQUSIL
HL_FAGGRA
HL_FRAVIR
HL_GALPAL
HL_GALSPP
HL_GAUHIS
HL_GAYBAC
HL_GEURIV

Sugar maple (Acer saccharum)
Mountain maple (Acer spicatum)
Speckled alder (Alnus incana)
Serviceberry (Amelanchier sp.)
Sarsaparilla (Aralia nudicaulis)
Wood aster (Aster acuminatus)
Aster species
Lady fern (Athyrium filix-femina)
White birch (Betula papyrifera)
Birch species (Betula spp.)
Water lily/water arum (Calla palustrus)
Bulbous water-hemlock (Cicuta bulbifera)
Blue-bead lily (Clintonia borealis)
Goldthread (Coptis trifolia)
Bunchberry (Cornus canadensis)
Red osier dogwood (Cornus sericea)
Pink lady's slipper (Cypripedium acaule)
Sedge species (Cypercaea)
Hay-scented fern (Dennstaedtia punctilobula)
Crested wood fern (Dryopteris cristata)
Evergreen wood fern (Dryopteris intermedia)
Wood fern species (Dryopteris spp.)
Mayflower (Epigea repens)
Common horsetail (Equisetum arvense)
Wood horsetail (Equisetum silvatum)
American beech (Fagus grandifolia)
Strawberry (Fragaria virginiana)
Marsh bedstraw (Galium palustre)
Galium spp.
Creeping snowberry (Gaultheria hispidula)
Black huckleberry (Gaylussacia baccata)
Water avens (Geum rivale)
Any graminoid (plant with grass-like morphology, i.e.
sedges, grasses, rushes)
Hawkweed spp. (Hieracium)
Mountain holly (Ilex mucronata)
Jewelweed (Impatiens canadensis)
Sheep laurel (Kalmia angustifolia)
Tamarack/larch (Larix laricina)

HL_GRAMIN
HL_HEIRAC
HL_ILEMUC
HL_IMPCAP
HL_KALANG
HL_LARLAR
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Scale or Vertical
Layer

Mnemonic

Description

HL_LONCAN
HL_LYCOBS
HL_LYCUNI
HL_MAICAN
HL_MAIRAC
HL_MAITRI
HL_MATSTR
HL_MEDVIR
HL_MITNUD
HL_MONUNI
HL_MYRPEN
HL_ONOSEN
HL_OSMCIN
HL_PHECON
HL_PICGLA
HL_PICMAR
HL_POACEA
HL_POLARI
HL_POPTRE
HL_PRUVIR
HL_PRUVUL
HL_PTEAQU
HL_PYRELL
HL_RANSPP
HL_RIBGLA
HL_RIBLAC
HL_RIBSPP
HL_RIBTRI
HL_RHAALN
HL_RHOCAN
HL_RHOGRO
HL_ROSSPP
HL_RUBCHA
HL_RUBHIS
HL_RUBIDA
HL_RUBSPP
HL_SCULAT
HL_SOLSPP
HL_SORAME

Fly-honeysuckle (Lonicera canadensis)
Ground pine (Lycopodium obscurum)
Bugleweed (Lycopus uniflorus)
Wild lily-of-the-valley (Maianthemum canadense)
False Solomon's seal (Maianthemum racemosa)
Bog False Solomon's Seal (Maianthemum trifolium)
Ostrich fern (Matteuccia struthiopteris)
Indian cucumber root (Medeola virginiana)
Mitrewort (Miletta nuda)
Indian pipe (Monotropa uniflora)
Bayberry (Morella pensylvanica)
Sensitive fern (Onoclea sensibilis)
Cinnamon fern (Osmundastrum cinnamomeum)
Northern beech fern (Phegopteris connectilis)
White spruce (Picea glauca)
Black spruce (Picea mariana)
Poaceae spp. (any grass species)
Halburd-leaved tearthumb (Polygonum arifolium)
Trembing aspen (Populus tremuloides)
Choke cherry (Prunus virginiana)
Self-heal (Prunella vulgaris)
Bracken fern (Pteridium aquilinium)
Shinleaf (Pyrola elliptica)
Buttercup species (Ranunculus spp.)
Skunk currant (Ribus glandulosum)
Bristly black currant (Ribus lacustre)
Currant species (Ribes spp.)
Swamp red currant (Ribes triste)
Alder-leaved buckthorn (Rhamnus alnifolia)
Rhodora (Rhododendron canadense)
Labrador tea (Rhododendron groenlandicum)
Rose species (Rosa spp.)
Bakeapple (Rubus chamaemorus)
Dewberry (Rubus hispudus)
Red raspberry (Rubus idaeus)
Unidentified blackberry/raspberry species (Rubus spp.)
Skullcap (Scutellaria lateriflora)
Unidentified goldenrod species (Solidago spp.)
Mountain ash (Sorbus americana)
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Scale or Vertical
Layer

Low Shrub Layer
(0.25-2 m) %
frequency (mean of 3
1 m2 quadrats)
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Mnemonic

Description

HL_SPIALB
HL_SPILAT
HL_TAROFF
HL_TAXCAN
HL_THAPUB
HL_THUOCC
HL_TOXRAD
HL_TRIBOR
HL_TRIFRA
HL_TRIUND
HL_VACANG
HL_VACMYR
HL_VEROFF
HL_VIBNUD
HL_VIOLA

White meadowsweet (Spiraea alba)
Broadleaf meadowsweet (Spiraea latifolia)
Dandelion (Taraxacum officinale)
Canada yew (Taxus canadensis)
Meadow-rue (Thalictrum pubescens)
Eastern white cedar (Thuja occidentalis)
Poison ivy (Toxicodendron radicans)
Starflower (Trientalis borealis)
Fraser's marsh St. John's wort (Triadenum fraseri)
Painted trillium (Trillium undulatum)
Low sweet blueberry/late lowbush (Vaccinium angustifolium)
Velvetleaf blueberry (Vaccinium myrtilloides)
Speedwell species (Veronica spp.)
Wild raisin (Viburnum nudum)
Violet species (Viola spp.)

SH_ABIBAL
SH_ACEPEN
SH_ACERUB
SH_ACESAC
SH_ACESPI
SH_ALNINC
SH_AMESPP
SH_ARANUD
SH_ARCMIN
SH_ASTSPP
SH_BETALL
SH_BETPAP
SH_BETPOP
SH_CALPAL
SH_CICBUL
SH_CLIBOR
SH_CORALT
SH_CORCOR
SH_CORSER
SH_CYPACA
SH_CYPERC
SH_DENPUN
SH_DRYCRI

Balsam fir (Abies balsamea)
Striped maple (Acer pensylvanicum)
Red maple (Acer rubrum)
Sugar maple (Acer saccharum)
Mountain maple (Acer spicatum)
Speckled alder (Alnus incana)
Serviceberry species (Amelanchier spp.)
Sarsaparilla (Aralia nudicaulis)
Common burdock (Arctium minus)
Aster species (Symphyotrichum spp.)
Yellow birch (Betula alleghaniensis)
White/paper birch (Betula papyrifera)
Grey birch (Betula populifolia)
Water lily/water arum (Calla palustrus)
Bulbous water-hemlock (Cicuta bulbifera)
Blue-bead lily (Clintonia borealis)
Alternate-leaved dogwood (Cornus alternifolia)
Beaked hazel (Corylus cornuta)
Red osier dogwood (Cornus sericea)
Pink lady's slipper (Cypripedium acaule)
Sedge species (Cypercaea spp.)
Hay-scented fern (Dennstaedtia punctilobula)
Crested wood fern (Dryopteris cristata)
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Scale or Vertical
Layer

Mnemonic

Description

SH_DRYINT
SH_DRYSPP
SH_EUPMAC
SH_EQUARV
SH_FAGGRA
SH_FRAAME

Evergreen wood fern (Dryopteris intermedia)
Wood fern species (Dryopteris spp.)
Joe-pye weed (Eupatorium maculatum)
Horsetail (Equisetum arvense)
American beech (Fagus grandifolia)
White ash (Fraxinus americana)
Any graminoid (plant with grass-like morphology, i.e.
sedges, grasses, rushes)
Mountain holly (Ilex mucronata)
Canada holly (Ilex verticillata)
Jewelweed (Impatiens canadensis)
Sheep laurel (Kalmia angustifolia)
Tamarack/larch (Larix laricina)
Fly-honeysuckle (Lonicera canadensis)
Bugleweed (Lycopus uniflora)
Ostrich fern (Matteuccia struthiopteris)
Indian cucumber root (Medeola virginiana)
Sweet gale (Myrica gale)
Bayberry (Morella pensylvanica)
Sensitive fern (Onoclea sensibilis)
Interrupted fern (Osmunda claytoniana)
Cinnamon fern (Osmundastrum cinnamomeum)
Northern beech fern (Phegopteris connectilis)
White spruce (Picea glauca)
Black spruce (Picea mariana)
Poaceae species (any grass species)
Trembling aspen (Populus tremuloides)
Chokecherry (Prunus virginiana)
Bracken fern (Pteridium aquilinum)
Red oak (Quercus rubra)
Alder-leaved buckthorn (Rhamnus alnifolia)
Rhodora (Rhododendron canadensis)
Labrador tea (Rhododendron groenlandicum)
Bristly black currant (Ribes lacustre)
Rose species (Rosa spp.)
Dewberry (Rubus hispudus)
Red raspberry (Rubus idaeus)
Unidentified blackberry/raspberry species (Rubus spp.)
Red Elderberry (Sambucus racemosa)

SH_GRAMIN
SH_ILEMUC
SH_ILEVER
SH_IMPCAP
SH_KALANG
SH_LARLAR
SH_LONCAN
SH_LYCUNI
SH_MATSTR
SH_MEDVIR
SH_MYRGAL
SH_MYRPEN
SH_ONOSEN
SH_OSMCLA
SH_OSMCIN
SH_PHECON
SH_PICGLA
SH_PICMAR
SH_POACEA
SH_POPTRE
SH_PRUVIR
SH_PTEAQU
SH_QUERUB
SH_RHAALN
SH_RHOCAN
SH_RHOGRO
SH_RIBLAC
SH_ROSSPP
SH_RUBHIS
SH_RUBIDA
SH_RUBSPP
SH_SAMRAC
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Mnemonic

Description

SH_SOLSPP
SH_SORAME
SH_SPILAT
SH_STRSPP
SH_TAXCAN
SH_THAPUB
SH_THUOCC
SH_TOXRAD
SH_TRIBOR
SH_TRIUND
SH_TYPLAT
SH_ULMAME
SH_VACANG
SH_VACMYR
SH_VIBNUD

Goldenrod species (Solidago spp.)
Mountain ash (Sorbus americana)
Broadleaf meadowsweet (Spiraea latifolia)
Twisted stalk species (Streptopus spp.)
Canada yew (Taxus canadensis)
Meadow-rue (Thalictrum pubescens)
Eastern white cedar (Thuja occidentalis)
Poison ivy (Toxicodendron radicans)
Starflower (Trientis corealis)
Painted trillium (Trillium undulatum)
Cattail (Typha latifolia)
Elm (Ulmus americana)
Low sweet blueberry/late lowbush (Vaccinium angustifolium)
Velvet-leaf blueberry (Vaccinium myrtilloides)
Wild raisin (Viburnum nudum)

Tall Shrub (2-10 m) TS_ABIBAL
% Cover (mean of 3 TS_ACEPEN
samples at site)
TS_ACERUB
TS_ACESPI
TS_ALNINC
TS_ALNVIR
TS_AMESPP
TS_ASTSPP
TS_BETALL
TS_BETPAP
TS_BETPOP
TS_CORALT
TS_CORCOR
TS_CORSER
TS_CYPERC
TS_FAGGRA
TS_FRAAME
TS_ILEMUC
TS_ILEVER
TS_LARLAR
TS_LONCAN
TS_MATSTR
TS_MYRPEN

Balsam fir (Abies balsamea)
Striped maple (Acer pensylvanicum)
Red maple (Acer rubrum)
Mountain holly (Acer spicatum)
Speckled alder (Alnus incana)
Downy alder (Alnus viridis)
Serviceberry species (Amelanchier spp.)
Aster species (Symphyotrichum spp.)
Yellow birch (Betula alleghaniensis)
White birch (Betula papyrifera)
Grey birch (Betula populifolia)
Alternate leaf dogwood (Cornus alternifolia)
Beaked hazelnut (Cornus cornuta)
Red osier dogwood (Cornus sericea)
Sedge species (Cypercaea spp.)
American beech (Fagus grandifolia)
White ash (Fraxinus americana)
Mountain holly (Ilex mucronata)
Canada holly (Ilex verticillata)
Larch (Larix laricina)
Fly-honeysuckle (Lonicera canadensis)
Ostrich fern (Matteuccia struthiopteris)
Bayberry (Morella pensylvanica)
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Scale or Vertical
Layer

Spatial
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Mnemonic

Description

TS_OSMCIN
TS_PICGLA
TS_PICMAR
TS_POPTRE
TS_PRUVIR
TS_PTEAQU
TS_ROSSPP
TS_SALSPP
TS_SAMRAC
TS_TAXCAN
TS_THUOCC
TS_TYPLAT
TS_ULMAME
TS_VIBUND

Cinnamon fern (Osmundastrum cinnamomeum)
White spruce (Picea glauca)
Black spruce (Picea mariana)
Tembling aspen (Populus tremuloides)
Choke cherry (Prunus virginiana)
Bracken fern (Pteridium aquilinium)
Rose species (Rosa spp.)
Willow species (Salix spp.)
Red Elderberry (Sambucus racemosa)
Canada yew (Taxus canadensis)
Eastern white cedar (Thuja occidentalis)
Cattail (Thypha latifolia)
Elm (Ulmus americana)
Wild raisin (Viburnum nudum)

CONTFOREST

Area of contiguous forest surrounding natural area (hectares)

DST_EDGE

Distance to nearest edge (km)

DST_RES

Distance to nearest residential development (km)

DST_AGR

Distance to nearest agricultural development (km)

DST_FRSHWTR Distance to nearest fresh water (km)
DST_OCEAN
Landscape-scale

1KM_WET
1KM_RES
1KM_AGR
1KM_CON
1KM_DEC
1KM_MIX
5KM_WET
5KM_RES
5KM_AGRI

Distance to nearest oceanfront (km)
Area of wetland areas within 1 km radius of natural area
(hectares)
Area of residential development within 1 km radius of natural
area (hectares)
Area of agricultural lands within 1 km radius of natural area
(hectares)
Area of coniferous forest within 1 km radius of natural area
(hectares)
Area of deciduous forest within 1 km radius of natural area
(hectares)
Area of mixed forest within 1 km radius of natural area
(hectares)
Area of wetland areas within 5 km radius of natural area
(hectares)
Area of residential development within 5 km radius of natural
area (hectares)
Area of agricultural lands within 5 km radius of natural area
(hectares)
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Scale or Vertical
Layer

Mnemonic
5KM_CON
5KM_DEC
5KM_MIX
10KM_WET
10KM_RES
10KM_AGR
10KM_CON
10KM_DEC
10KM_MIX
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Description
Area of coniferous forest within 5 km radius of natural area
(hectares)
Area of deciduous forest within 5 km radius of natural area
(hectares)
Area of mixed forest within 5 km radius of natural area
(hectares)
Area of wetland areas within 10 km radius of natural area
(hectares)
Area of residential development within 10 km radius of
natural area (hectares)
Area of agricultural lands within 10 km radius of natural area
(hectares)
Area of coniferous forest within 10 km radius of natural area
(hectares)
Area of deciduous forest within 10 km radius of natural area
(hectares)
Area of mixed forest within 10 km radius of natural area
(hectares)
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Table C2. VEG_TYPE categories based on the NS FEC (Neily et al., 2010) which were included in the CART analysis as qualitative stand-scale variables
VEG_TYPE
ALD
CE1
CE2
IH6
IH7
MW4
MW5
OF1
OF4
SH10
SP6
SP7
TH1
TH5
TH8
WC1
WC2
WC7
WD2
WD3
WD6

Description
Alder (Alnus incana) thicket (not included in the NS FEC)
Eastern white cedar (Thuja occidentalis)/speckled alder (Alnus incana)/cinnamon fern (Osmundastrum cinnamomeum)/Sphagnum forest
Eastern white cedar (Thuja occidentalis)–balsam fir (Abies balsamea)/stair-step moss (Hylocomium splendens) forest
White birch (Betula papyrifera)–red maple (Acer rubrum)/sarsaparilla (Aralia nudicaulis)–bracken fern (Pteridium aquilinum) forest
Red maple (Acer rubrum)/hay-scented fern (Dennstaedtia punctilobula)–wood sorrel (Oxalis montana) forest
Balsam fir (Abies balsamea)–red maple (Acer rubrum)/wood sorrel (Oxalis montana)–goldthread (Coptis trifolia) forest
White birch (Betula papyrifera)–balsam fir (Abies balsamea)/starflower (Lysimachia borealis) forest
White spruce (Picea glauca)/aster (Symphyotrichum spp.)–goldenrod (Solidago spp.)/shaggy moss forest
Balsam fir (Abies balsamea)–white spruce (Picea glauca)/evergreen wood fern (Dryopteris intermedia)–wood aster (Oclemena cuminate) forest
White spruce (Picea glauca)–balsam fir (Abies balsamea)/broom moss (Dicranum spp.) forest
Black spruce (Picea mariana)–red maple (Acer rubrum)/bracken fern (Pteridium aquilinium)–sarsaparilla (Aralia nudicaulis) forest
Black spruce (Picea mariana)/false holly (Ilex mucronata)/ladies’ tresses sphagnum (Sphagnum capillifolium) forest
Sugar maple (Acer saccharum)/hay-scented fern (Dennstaedtia punctilobula) forest
Beech (Fagus grandifolia)/sarsaparilla (Aralia nudicaulis)/leaf litter forest
Red maple (Acer rubrum)–yellow birch (Betula alleghaniensis)/striped maple (Acer pensylvanicum) forest
Black spruce (Picea mariana)/cinnamon fern (Osmunda cinnamomea)/Sphagnum forest
Black spruce (Picea mariana)/lambkill (Kalmia angustifolia)–Labrador tea (Rhododendron groenlandicum)/Sphagnum forest
Tamarack (Larix laricina)–black spruce (Picea mariana)/lambkill (Kalmia angustifolia)/Sphagnum forest
Red maple (Acer rubrum)/cinnamon fern (Osmunda cinnamomea)/Sphagnum forest
Red maple (Acer rubrum)/sensitive fern (Onoclea sensibilis)–lady fern (Athyrium filix-femina)/Sphagnum forest
Red maple (Acer rubrum)–balsam fir (Abies balsamea)/wood aster (Oclemena cuminate)/Sphagnum forest
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Appendix D – Summary of Variables Used in Analyses
Table D1. Summary of the explanatory variables used in the CART analysis for species richness and number of species of conservation concern (SCC) and landscape-level
variables.

Variable

Description

Reason for Inclusion

1KM_RES, 10KM_RES

Area of residential development within 1 km and 10
km radii of natural area (hectares)

Pidgeon et al. (2004) found that residential development land-use is
an important predictor of species richness in conterminous US. I
selected 1 km and 10 km distance bands to explore the smallest and
largest spatial scales available.

1KM_WET, 10KM_WET

Area of wetland within 1 km and 10 km radii of natural
area (hectares)

Brazner & MacKinnon (2019) found that several species at risk were
found relatively frequently in forested wetlands in NS. I selected 1
km and 10 km distance bands to explore the smallest and largest
spatial scales available.

1KM_CON, 10KM_CON,
1KM_DEC, 10KM_DEC,
1KM_MIX, 10KM_MIX

Area of coniferous, deciduous, and mixed forest within
1 km and 10 km radii of natural area (hectares)

Pidgeon et al. (2004) found forest cover to be an important predictor
of species richness. I selected 1 km and 10 km distance bands to
explore the smallest and largest spatial scales available.
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Table D2. Summary of the explanatory spatial variables used in the CART analysis for species richness and number of species of conservation concern (SCC) and spatial variables.

Variable

Variable Type

Description

Reason for Inclusion

CONTFOREST

Explanatory

Area of contiguous forest surrounding natural area
(hectares)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.

DST_EDGE

Explanatory

Distance to nearest edge (km)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.

DST_RES

Explanatory

Distance to nearest residential development (km)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.

DST_AGR

Explanatory

Distance to nearest agricultural development (km)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.

DST_FRSHWTR

Explanatory

Distance to nearest fresh water (km)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.

DST_OCEAN

Explanatory

Distance to nearest oceanfront (km)

Mitchell et al. (2001) found that landscape configuration was a
driving factor for bird distribution and presence.
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Table D3. Summary of the explanatory variables used in the CART analysis for species richness and number of species of conservation concern (SCC) and site-level variables.

Variable

Description

Reason for Inclusion

VEG_TYPE

Vegetation type based on the Forest Ecosystem
Classification for Nova Scotia and including ALD which
was added to describe alder thickets

Makepeace (1993) found that bird species richness varies with forest
composition types in PEI.

OFS

A measure calculated using protocols developed by Nova
Scotia Department of Natural Resources.

Makepeace (1993) found that bird species richness and complexity of bird
communities increased in older tolerant hardwood and white spruce stands in
PEI.

CAN_COV

Canopy Cover (%)– a mean of all measurements recorded
from TR1, TR2 and TR3

Makepeace (1993) suggested that species richness increased with more open
canopy conditions in recently thinned 50-100-year-old PEI forest stands.

WTR_FTR

The total area of water (m2) features that intersect with
TR1, TR2 and TR3 divided by number of transects (3)

Brazner & Achenbach (2019) found that several species at risk were found
relatively frequently in forested wetlands in NS.

HL_COV

Sum of % frequency of all herbaceous layer species,
standardized to 100 percent

Foliage height diversity is a well-known correlate with species richness.
Huang et al. (2014) found that forest bird species richness is highly sensitive
to the vegetation height heterogeneity.

SH_COV

Sum of % frequency of all low shrub layer species,
standardized to 100 percent

Foliage height diversity is a well-known correlate with species richness.
Huang et al. (2014) found that forest bird species richness is highly sensitive
to the vegetation height heterogeneity.

TS_COV

% cover of tall shrubs summed across all shrub species
and averaged between 3 transect measurements

Foliage height diversity is a well-known correlate with species richness.
Huang et al. (2014) found that forest bird species richness is highly sensitive
to the vegetation height heterogeneity.
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Table D4. Summary of the explanatory variables used in the CART analysis and Mann-Whitney U tests for Canada Warbler (CAWA) presence/absence and landscape-level
variables

Variable

Description

Reason for Inclusion

1KM_WET
5KM_WET
10_WET

Area of wetland within 1, 5, and 10 km radii of natural
area (hectares)

The MBBA lists a variety of wetland types as typical habitat for CAWA in
NS, NB, and PEI (Stewart et al., 2015)

1KM_CON
5KM_CON
10KM_CON

Area of coniferous forest within 1, 5, and 10 km radii of
natural area (hectares)

Haché et al. (2014) found that forest cover was a good predictor of CAWA.
Churchill et al. (2017) found probability of suitable conditions for CAWA
was highest in coniferous forests in the Acadia Research Forest, NB.

1KM_DEC
5KM_DEC
10KM_DEC

Area of deciduous forest within 1, 5, and 10 km radii of
natural area (hectares)

Haché et al. (2014) found that forest cover was a good predictor of CAWA.
Haché et al. (2014) found CAWA densities were generally higher in
mixedwood and deciduous stands.

1KM_MIX
5KM_MIX
10KM_MIX

Area of mixed forest within 1, 5, and 10 km radii of
natural area (hectares)

Haché et al. (2014) found that forest cover was a good predictor of CAWA.
Haché et al. (2014) found CAWA densities were generally higher in
mixedwood and deciduous stands.

159

CHARACTERIZING HABITAT FOR THREATENED FOREST BIRDS

160

Table D5. Summary of the explanatory variables used in the CART analysis for Canada Warbler (CAWA) presence/absence and spatial variables.

Variable

Description

Reason for Inclusion

CONTFOREST

Area of contiguous forest surrounding natural area
(hectares)

CAWA is considered a species that is sensitive to forest
fragmentation (MacAskill, 1994).

DST_EDGE

Distance to nearest edge (km)

CAWA is considered a species that is sensitive to forest
fragmentation (MacAskill, 1994).

DST_RES

Distance to nearest residential development (km)

Haché et al. (2014) found a negative association between Canada
Warbler and the amount of human development in the landscape.

DST_AGR

Distance to nearest agricultural development (km)

Haché et al. (2014) found a negative association between Canada
Warbler and the amount of agricultural development in the
landscape.

DST_FRSHWTR

Distance to nearest fresh water (km)

Ball et al. (2016) found CAWA tended to be closer to incised
streams. CAWA tend to be associated with wet areas across their
breeding range (Reitsma et al., 2009).

DST_OCEAN

Distance to nearest oceanfront (km)

CAWA are known to occupy edges of young forests (Reitsma et al,
2009)
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Table D6. Summary of the explanatory variables used in the CART analysis and Mann-Whitney U tests for Canada Warbler (CAWA) presence/absence and site-level variables.

Variable

Description

Reason for Inclusion

VEG_TYPE

Vegetation type based on the Forest
Ecosystem Classification for Nova Scotia
and including ALD which was added to
describe alder thickets

Staicer et al. (2015) found CAWA using wet coniferous and deciduous forest types in
southwestern NS. In the Acadia Research Forest in NB, Churchill et al. (2017) found that
probability of suitable conditions for CAWA was highest in wet black spruce stands and
spruce stands but was also high in deciduous stand types such as intolerant hardwood, red
maple and birch

OFS

A measure calculated using protocols
developed by Nova Scotia Department of
Natural Resources.

Ball et al. (2016) found associations between Canada Warbler and older deciduous stands
in AB

SNG_PRCH

Number of song perches visually estimated
within a 20 m radius from the center of the
stand sample

Hallworth et al. (2008) found number of song perches was an important determinant in
habitat selection by Canada Warbler in NH

WTR_FTR

The total area of water (m2) features that
intersect with TR1, TR2 and TR3 divided by
number of transects (3)

Ball et al. (2016) found associations between CAWA and incised streams in AB

CAN_COV

Canopy Cover (%)– a mean of all
measurements recorded from TR1, TR2 and
TR3

Westwood (2016) found that higher canopy coverage was important for CAWA in NS

BL_SPHAG

Percent cover of Sphagnum moss in 1x1 m
quadrat

Sphagnum moss is an indicator of low depth to water table, which Churchill et al. (2017)
found to be a good predictor of suitable habitat for CAWA in NB. Westwood (2016) also
found Sphagnum to be a predictor of CAWA occurrence in NS
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SH_ILEMUC

% frequency of Mountain holly (Ilex
mucronata) in the low shrub layer

Westwood (2016) found mean % cover of mountain holly to be significantly indicative of
CAWA occupancy.

SH_OSMCIN

% frequency of Cinnamon fern
(Osmundastrum cinnamomeum) in the low
shrub layer

Westwood (2016) found that higher mean cover of cinnamon fern was important for
CAWA in NS

TS_ALNINC

% cover of Speckled alder (Alnus incana) in
the tall shrub layer

Westwood (2016) found that higher mean cover of speckled alder was important for
CAWA in NS

HL_COV

Sum of % frequency of all herbaceous layer
species, standardized to 100 percent

Haché et al. (2014) found CAWA densities were higher in areas with dense cover.

SH_COV

Sum of % frequency of all low shrub layer
species, standardized to 100 percent

Hallworth et al. (2008) found that high low shrub density was an important determinant in
habitat selection by CAWA in NH. The MBBA suggests shrubby areas and complex
forests as typical habitat for CAWA in NS, NB, and PEI (Stewart et al., 2015)

TS_COV

% cover of tall shrubs summed across all
shrub species and averaged between 3
transect measurements

Haché et al. (2014) found CAWA densities were higher in areas with dense cover. The
MBBA suggests shrubby areas and complex forests as typical habitat for CAWA in NS,
NB, and PEI (Stewart et al., 2015)
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Appendix E – List of Bird Species and Codes
Table D1. Bird species detected during point count surveys
Species Name

Code

Species Name

Code

Ruffed Grouse (Bonasa umbellus) *

RUGR

Mourning Dove (Zenaida macroura)

MODO

Cedar Waxwing (Bombycilla cedrorum)
Ovenbird (Seiurus aurocapilla)

CEDW
OVEN

Ruby-throated Hummingbird (Archilochus colubris)

RTHU

Northern Waterthrush (Parkesia noveboracensis)

NOWA

Wilson’s Snipe (Gallinago delicata) *

WISN

Black-and-white Warbler (Mniotilta varia)

BAWW

Yellow-bellied Sapsucker (Sphyrapicus varius)

YBSA

Nashville Warbler (Leiothlypis ruficapilla)

NAWA

Downy Woodpecker (Picoides pubescens)

DOWO

Common Yellowthroat (Geothlypis trichas)

COYE

Hairy Woodpecker (Leuconotopicus villosus)

HAWO

American Redstart (Setophaga ruticilla)

AMRE

Northern Flicker (Colaptes auratus)

NOFL

Cape May Warbler (Setophaga tigrina) *

CMWA

Olive-sided Flycatcher (Contopus cooperi) *

OSFL

Northern Parula (Setophaga americana)

NOPA

Eastern Wood-Pewee (Contopus virens) *

EAWP

Magnolia Warbler (Setophaga magnolia)

MAWA

Yellow-bellied Flycatcher (Empidonax flaviventris)

YBFL

Bay-breasted Warbler (Setophaga castanea) *

BBWA

Alder Flycatcher (Empidonax alnorum)

ALFL

Blackburnian Warbler (Setophaga fusca)

BLBW

Least Flycatcher (Empidonax minimus)

LEFL

Yellow Warbler (Setophaga petechia)

YEWA

Blue-headed Vireo (Vireo solitarius)

BHVI

Chestnut-sided Warbler (Setophaga pensylvanica)

CSWA

Red-eyed Vireo (Vireo olivaceus)

REVI

Black-throated Blue Warbler (Setophaga caerulescens)

BTBW

Blue Jay (Cyanocitta cristata)

BLJA

Palm Warbler (Setophaga palmarum)

PAWA

American Crow (Corvus brachyrhynchos)

AMCR

Yellow-rumped Warbler (Setophaga coronata)

YRWA

Common Raven (Corvus corax)

CORA

Black-throated Green Warbler (Setophaga virens)

BTNW
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Species Name

Code

Black-capped Chickadee (Poecile atricapillus)
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BCCH

Species Name
Canada Warbler (Cardellina canadensis) *

Code
CAWA

Boreal Chickadee (Poecile hudsonicus) *

BOCH

Mourning Warbler (Geothlypis philadelphia)

MOWA

Red-breasted Nuthatch (Sitta canadensis)

RBNU

Song Sparrow (Melospiza melodia)

SOSP

White-breasted Nuthatch (Sitta carolinensis)

WBNU

Swamp Sparrow (Melospiza georgiana)

SWSP

Brown Creeper (Certhia americana)

BRCR

White-throated Sparrow (Zonotrichia albicollis)

WTSP

Winter Wren (Troglodytes hiemalis)

WIWR

Dark-eyed Junco (Junco hyemalis)

DEJU

Golden-crowned Kinglet (Regulus satrapa)

GCKI

Rose-breasted Grosbeak (Pheucticus ludovicianus)

RBGR

Ruby-crowned Kinglet (Regulus calendula)

RCKI

Common Grackle (Quiscalus quiscula)

COGR

Swainson's Thrush (Catharus ustulatus)

SWTH

Purple Finch (Haemorhous purpureus)

PUFI

Hermit Thrush (Catharus guttatus)

HETH

American Goldfinch (Spinus tristis)

AMGO

American Robin (Turdus migratorius)

AMRO

Black-billed Cuckoo (Coccyzus erythropthalmus) *

BBCU

European Starling (Sturnus vulgaris)

EUST

* Species of national/continental or regional/sub-regional conservation concern for PEI, as defined by Environment Canada (2013, pp. 15−19)
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Appendix F – Habitat Use by Olive-sided Flycatcher
With only three Olive-sided Flycatcher sites, sample size was insufficient to draw
conclusions. However, I did proceed with Mann-Whitney U tests and regression tree analyses for
landscape, spatial, and habitat variables and Olive-sided Flycatcher. Results of these analyses
should be considered preliminary until further data can be collected. For landscape and spatial
analyses, I looked at Olive-sided Flycatcher use per natural area in 13 natural areas. For the
habitat analysis, I looked at Olive-sided Flycatcher use at 41 point count locations, where I
conducted habitat surveys.
For each set of variables (i.e. landscape, spatial, and site-level habitat), I conducted
Mann-Whitney U tests, using a Bonferroni correction to account for multiple comparisons, to
look for differences among occupied and unoccupied sites. Then I constructed classification trees
to examine how the explanatory variables predict species presence/absence. Since these are
preliminary results, I did not evaluate the correct prediction of classification trees.
Landscape use by Olive-sided Flycatcher
Variables retained for the landscape-level analysis are in Table F1. For the MannWhitney U tests of landscape variables, I used a Bonferroni correction of alpha=0.0083 (n=6).
The tests revealed that no landscape variables were significantly different between Olive-sided
Flycatcher-occupied and unoccupied sites.
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Table F1. Landscape-level variables retained for Mann-Whitney U tests and classification tree
analysis for Olive-sided Flycatcher
Variable
1KM_WET
1KM_CON
5KM_WET
5KM_CON
10KM_WET
10KM_CON

Description
Area of wetlands within 1 km radius of natural area
Area of coniferous forest within 1 km radius of natural area
Area of wetlands within 5 km radius of natural area
Area of coniferous forest within 5 km radius of natural area
Area of wetlands within 10 km radius of natural area
Area of coniferous forest within 10 km radius of natural area

Results of the landscape-level classification tree for Olive-sided Flycatcher are presented
in Figure F1. The classification tree demonstrated that Olive-sided Flycatcher occupancy was
best predicted by amount of wetland in a 5 km radius surrounding a natural area. Natural areas
with > 14% of the surrounding 5 km (1104 hectares) in wetland were more likely to be occupied
by Olive-sided Flycatcher. A total of 67% of sites with >14% of the surrounding 5 km (1104
hectares) in wetland were occupied (20% of total natural areas), whereas 92% of sites with >
14% in wetland were unoccupied (80% of total natural areas).
In natural areas with > 14% (1104 hectares) of the surrounding 5 km in wetland,
likelihood of Olive-sided Flycatcher occupancy increased with decreasing amount of wetland in
a 1 km radius around a natural area. All natural areas with < 31% (244 hectares) of the
surrounding 1 km in wetland were occupied (13% of total natural areas), while 100% of natural
areas with > 31% (244 hectares) of the surrounding 1 km in wetland which were unoccupied (7%
of total natural areas). In natural areas with < 14% (1104 hectares) of the surrounding 5 km in
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wetland, Olive-sided Flycatcher was most likely to be present in natural areas with 1−4% (3
hectares−12 hectares) of the surrounding 1 km in wetland. Sites with > 4% (12 hectares) of the
surrounding 1 km in wetland, tended not to be occupied (Figure F1).
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Figure F1. Classification tree analysis results for Olive-sided Flycatcher (OSFL) presence/absence using the reduced data set of six landscape variables.
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Spatial Influence on Olive-sided Flycatcher
Variables retained for the spatial are in Table F2. For the Mann-Whitney U tests using
spatial variables, I used a Bonferroni correction of alpha=0.0083 (n=6). None of the spatial
variables tested were significantly different (α=0.0083) between Olive-sided Flycatcher-occupied
and unoccupied sites.

Table 5. Spatial variables retained for Mann-Whitney U tests and classification tree analysis for
Olive-sided Flycatcher
Variable
CONTFOREST
DST_EDGE
DST_RES
DST_AGR
DST_FRSHWTR
DST_OCEAN

Description
Area of contiguous forest surrounding natural area (hectares)
Distance to nearest edge (m)
Distance to nearest residential development (m)
Distance to nearest agricultural development (m)
Distance to nearest fresh water (m)
Distance to nearest oceanfront (m)

Results of the spatial classification tree for Olive-sided Flycatcher are presented in Figure
F2. The classification tree demonstrated that Olive-sided Flycatcher occupancy was best
predicted by distance to agriculture. All natural areas that were < 0.2 km from agricultural
development were occupied (13% of total natural areas), while 93% of natural areas that were >
0.2 km from agricultural development were unoccupied (88% of total natural areas).
Sites that were > 0.2 km from agricultural development were more likely to be occupied
if they were closer to fresh water. All natural areas that were < 0.02 km from fresh water were
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occupied (6% of total natural areas), while 100% of natural areas > 0.02 km from fresh water
were unoccupied (81% of total natural areas).

Figure F2. Classification tree analysis results for Olive-sided Flycatcher (OSFL)
presence/absence using a data set of six spatial variables

Habitat use by Olive-sided Flycatcher
Variables retained for the site-level analysis are in Table F3. For the Mann-Whitney U
tests using landscape variables, I used a Bonferroni correction of alpha=0.0071 (n=7). No
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habitat variables were significantly different (α=0.0071) between Olive-sided Flycatcheroccupied and unoccupied sites.

Table F3. Explanatory variables used in the CART analysis and Mann-Whitney U tests for
Olive-sided Flycatcher presence/absence and site-level variables
Variable

Description

OFS

A measure calculated using protocols developed by Nova Scotia
Department of Natural Resources

SNG_PRCH

Number of song perches visually estimated within a 20 m radius from
the center of the stand sample

WTR_FT

The total area of water (m2) features that intersect with TR1, TR2 and
TR3 divided by number of transects (3)

CAN_COV

Canopy Cover (%)– a mean of all measurements recorded from TR1,
TR2 and TR3

HL_COV

Sum of % frequency of all herbaceous layer species, standardized to
100 percent

SH_COV

Sum of % frequency of all low shrub layer species, standardized to 100
percent

TS_COV

% cover of tall shrubs summed across all shrub species and averaged
between 3 transect measurements

Results of the site-level habitat classification tree for Olive-sided Flycatcher are presented
in Figure F3. The classification tree demonstrated that Olive-sided Flycatcher occupancy was
best predicted by % frequency of all herbaceous layer species. A total of 95% of sites with < 8%
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frequency of herbaceous species were unoccupied (95% of total sites), while 50% of sites with >
8% frequency of herbaceous species were occupied (5% of total sites).
For sites with < 8% frequency of herbaceous species, likelihood of Olive-sided
Flycatcher occupancy increased with old forest score. A total of 75% of sites with old forest
scores > 38 were occupied (20% of total sites), while 100% sites with old forest scores < 38 were
unoccupied (76% of total sites). As old forest scores increase, sites were more likely to be
occupied if there was < 6% frequency of all low shrub layer species. All sites with old forest
scores > 41.5 and > 6% frequency of all low shrub layer species were occupied (2% of all sites),
while 100% of sites with < 6% frequency of all low shrub layer species were unoccupied (15%
of total sites).
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Figure F3. Classification tree analysis results for Olive-sided Flycatcher (OSFL) presence/absence using a data set of seven site-level
habitat variables.

