DEVELOPING GRASSLAND SONGBIRD MANAGEMENT TARGETS FOR
MULTI-SPECIES CONSERVATION ON NATIVE MIXED-GRASS PRAIRIE

A Thesis
Submitted to the Faculty of Graduate Studies and Research
in Partial Fulfillment of the Requirements
for the Degree of

Master of Science
in Biology
University of Regina

by
Phillip Rose
Regina, Saskatchewan
July, 2018

Copyright 2018: P.K. Rose

UNIVERSITY OF REGINA
FACULTY OF GRADUATE STUDIES AND RESEARCH
SUPERVISORY AND EXAMINING COMMITTEE
Phillip Kelsey Rose, candidate for the degree of Master of Science in Biology, has
presented a thesis titled, Developing Grassland Songbird Management Targets for
Multi-Species Conservation on Native Mixed-Grass Prairie, in an oral examination held
on July 23, 2018. The following committee members have found the thesis acceptable in
form and content, and that the candidate demonstrated satisfactory knowledge of the
subject material.

External Examiner:

Dr. Glenn Sutter, Royal Saskatchewan Museum

Supervisor:

Dr. Mark Brigham, Department of Biology

Co-Supervisor:

Dr. Stephen Davis, Adjunct

Committee Member:

Dr. Mary Vetter, Department of Biology

Chair of Defense:

Dr. Allen Herman, Department of Mathematics & Statistics

ABSTRACT
Grassland birds are declining at steeper rates than birds from nearly every other
habitat type, and the primary reasons for these declines are loss and degradation of native
grasslands. Moisture, along with other environmental conditions such as soil type,
topography, fire, and grazing, play important roles in determining the extent of habitat
features important to grassland songbirds. I examined the associations between the
abundance/occurrence of 14 grassland songbird species and vegetation characteristics
along a moisture gradient in southwest Saskatchewan. Associations with at least one
vegetation characteristic changed along the moisture gradient for 12 of the 14 species.
Songbird abundance/occurrence was typically greater in areas with dense cover at drier
sites along the moisture gradient when overall cover was sparse and greater in areas with
sparser cover at wetter sites when overall cover was dense; however, absolute values for
vegetation characteristics associated with peak abundance/occurrence often remained
similar along the moisture gradient.
The umbrella species concept is based on the premise that the conservation of a
single species can also aid in conservation of a wide range of other co-occurring species
with overlapping habitat requirements. I examined how the vegetation attributes of
greater sage-grouse (Centrocercus urophasianus) critical habitat influenced grassland
songbirds, and whether sage-grouse could potentially serve as an umbrella species for
the grassland songbird community at the northern extent of the sage-grouse range. I
found that abundance of Sprague’s pipit (Anthus spragueii) and Baird’s sparrow
(Ammodramus bairdii) was lower and abundance of lark bunting (Calamospiza
melanocorys) was higher within greater sage-grouse critical habitat in comparison to a
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1.6 km buffer surrounding critical habitat. The abundance of all endemic grassland
songbirds, except lark bunting, was negatively associated with vegetation attributes that
characterized sage-grouse critical habitat (i.e., shrub and sagebrush cover). The
vegetation characteristics associated with shrub-steppe songbirds and several grassland
generalists overlapped with vegetation characteristics that defined greater sage-grouse
critical habitat. Greater sage-grouse conservation is likely to have a positive influence on
shrub-tolerant species, such as lark bunting, and a neutral or positive effect on generalist
grassland species, but will provide few benefits to other grassland species at risk.
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1.0 GENERAL INTRODUCTION

1.1 BACKGROUND
Native grasslands have been developed intensively in Canada and habitat loss and
degradation have made them North America’s most endangered ecosystem (Askins et al.
2007). Roughly 75% of Canada’s native mixed-grass prairie has been lost (Sampson &
Knopf 1994) and grasslands continue to be threatened by loss and degradation from
agriculture and energy development (Askins et al. 2007). Grassland birds are now
restricted largely to an agriculture-dominated landscape throughout their breeding range
with endemic species requiring native rangelands on their breeding and wintering
grounds (Askins et al. 2007, Macías-Duarte et al. 2009, Lipsey et al. 2015). Endemic
species typically have restricted breeding ranges and are less flexible in their habitat
requirements (Mengel 1972, Davis et al. 1999) in contrast to generalist species, which
are more widespread and occupy a broader range of habitats. As a result, grassland birds
are considered to be one of the most at-risk bird assemblages in North America and over
the past half century most species have exhibited steep continental declines (Knopf 1994,
Sauer et al. 2017). Some of the most abundant species observed on the Canadian prairies
before the 20th century, such as Baird’s sparrow (Ammodramus bairdii), chestnutcollared longspur (Calcarius ornatus), and Sprague’s pipit (Anthus spragueii) (Houston
& Schmutz 1999), are now designated as species at risk (Government of Canada 2018).
To reverse these trends, successful grassland songbird conservation must aim
towards developing and evaluating management targets that translate into “Good
Management Practices” for applicable land-use sectors, such as ranching (Canadian
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Partners in Flight 2004). Ranching on native rangelands is generally perceived as the
most compatible land-use practice for the long-term maintenance of healthy grasslands
and songbird habitat (Askins et al. 2007), yet management targets in native rangelands
that benefit both grassland birds and cattle production are still not widely available to
producers. Once established, management targets could be adopted on federal or
provincial lands, or incorporated into results-based conservation programs (Muir 2010)
centered on privately-managed rangelands. One challenge associated with establishing
effective management targets is that most of the research conducted on grassland habitat
has been done from a bird-centric point of view (Fisher and Davis 2010), which has little
relevance to livestock producers and land managers. Because of the importance of native
grasslands to prairie songbird species (Madden et al. 2000, Murphy 2003, Askins et al.
2007) and because most remaining native grasslands are grazed by domestic livestock
(Vickery et al. 1999, Gauthier et al. 2003), collaboration with livestock producers will be
of utmost importance. For example, Lipsey et al. (2015) found that an estimated 70% of
the Sprague’s pipit population occurred on privately owned grasslands, which largely
consist of rangelands for livestock production. Private landowners generally are willing
to implement practices beneficial to wildlife as long as they do not incur extensive
economic losses in the process (Henderson et al. 2014). Translating the approaches that
biologists use to assess grassland bird habitat into range practices familiar to ranchers
will be a crucial step in this process.
Within the northern mixed-grass prairie, limited moisture is the primary driver that
maintains grass as the dominant vegetation type (Sampson et al. 2004). Moisture, as well
as soil type and topography, play important roles in determining the extent, height, and
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density of grasses and forbs, and the amount of litter and woody vegetation (Vickery et
al. 2000, Askins et al. 2007), which ultimately determine the amount of suitable breeding
habitat available to the grassland bird community. Secondary drivers that influence the
successional stages of grasslands include grazing and fire (Ryan 1990, Peterjohn &
Sauer 1999). As a result of fire suppression, the suitability of grassland songbird habitat
in native rangelands is now influenced almost entirely by grazing (Askins et al. 2007).
The interaction of multiple processes (e.g., fire, grazing) occurring on the prairie
landscape influences grassland structure, function, and diversity at different times and
locations, creating a mosaic of habitat patches (Vinton et al. 1993, Fuhlendorf & Engle
2001, 2004). The dynamic nature of the processes that influence grasslands is essential
for shaping vegetation diversity and structure (Biondini et al. 1989, Ryan 1990, Hartnett
et al. 1996), but also for maintaining grassland bird diversity (Herkert et al. 1996,
Vickery et al. 1999, Madden et al. 2000). The importance of heterogeneity on rangelands
is evident from the variability in habitat requirements of coexisting grassland birds
(Fritcher et al. 2004, Winter et al. 2005, Fuhlendorf et al. 2006).
The response of grassland songbirds to existing habitat features created by
environmental conditions and natural disturbances, such as grazing, and interactions
among these natural processes dictates the specific location on the landscape where
species will ultimately settle during the breeding season (Lipsey & Naugle 2017).
Grassland songbird habitat selection is thought to occur in a hierarchical manner at
multiple spatial scales (Johnson 1980). These scales include a species’ geographic range,
an individual’s territory, and microhabitats within a territory used for nesting and feeding
(Johnson 1980). Habitat selection by birds is based strongly on vegetation structure
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(Rotenberry & Wiens 1980, Fisher & Davis 2010, Henderson & Davis 2014). At the
largest spatial scale, vegetation structure can act as a proximate factor in guiding habitat
selection, and at smaller spatial scales, as an ultimate factor associated with critical
resources such as food, nesting sites, and cover (Hilden 1965, Wiens 1969, Anderson &
Shugart 1974).
Grassland songbird species differ in their habitat requirements (Winter et al. 2005).
This variability in habitat preferences directly influences species’ occurrence and
abundance and results in shifts in community assemblages along a continuum of habitat
features shaped by environmental conditions and disturbances (Smith & Lomolino 2004,
Fuhlendorf et al. 2006, Henderson & Davis 2014). For example, species such as
bobolinks (Dolichonyx oryzivorus) are associated with lush vegetation, dense ground
cover, a minimal forb component, and sparse woody cover (Ryan 1990, Madden et al.
2000), whereas McCown’s longspurs (Rhynchophanes mccownii) often occur in heavily
grazed pastures (O’Connor et al. 1999). Baird’s sparrow and Sprague’s pipit occupy
habitat towards the middle of this range and are associated with moderate amounts of
grass and forb cover (Madden et al. 2000). The variation in grassland songbird habitat
associations to habitat features means that specific management directed towards a single
species cannot be extrapolated entirely to other species, even if they occupy the same
habitat patch (Winter et al. 2005).
Habitat associations of individual species are also unlikely to remain constant
across regions due to differences in vegetation conditions throughout the prairies and
may even vary annually at the same location. Habitat selection models developed by
Winter et al. (2005) revealed that the magnitude, and in some instances the direction, of
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the response of grassland songbird species to vegetation structure differed among
regions. Within the Saskatchewan prairies, ecoregion type was found to be a significant
predictor of occurrence for three endemic grassland songbird species (Davis et al. 1999).
Sprague’s pipit and chestnut-collared longspur occurred most frequently in the drier
mixed grassland ecoregion in the southern portion of the province, and Baird’s sparrow
occurred more frequently within the more mesic moist-mixed grassland ecoregion (Davis
et al. 1999). In North Dakota, Kantrud (1981) also noted that the density of grassland
songbird species changed across an east-west gradient created by four major
physiographic regions that range from the sub-humid tallgrass prairie of the Agassiz
Lake Plain to semiarid plains of the Southwestern Slope. Densities of many individual
species also varied across habitat gradients of bare soil, dead vegetation, and vegetation
heights created by different intensities of grazing within physiographic regions (Kantrud
1981). On a year to year basis, Davis (2004) found that chestnut-collared longspur
abundance was positively related to vegetation height in one year and then negatively
related the following year when the vegetation was taller. This annual variation in
vegetation structure was attributed to changes in moisture.
Understanding habitat requirements of grassland songbirds and how these
associations vary across their range is essential for effective conservation. Identifying
species that have a high degree of overlap in their habitat requirements with a broader
suite of species could provide the opportunity to make single-species management
recommendations that might benefit the entire community. This concept is commonly
referred to as the umbrella or surrogate species approach (Fleishman et al. 2001). This
approach attempts to maximize the effectiveness of conservation when minimal
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resources for research and management are available (Fleishman et al. 2000, Andelman
& Fagan 2000) and has been proposed for a range of species including spotted owl (Strix
occidentalis), red-cockaded woodpecker (Picoides borealis) (Simberloff 1998), grizzly
bear (Ursus arctos) (Glick et al. 1991), and greater sage-grouse (Centrocercus
urophasianus) (Rich & Altman 2001).
Endemic species and species of conservation concern that are well-studied, could
serve as an umbrella species for a much broader suite of species (Fleishman et al. 2000,
Rich & Altman 2001, Seddon & Leech 2008). However, sufficient evidence is still
required to support any claims that the management of a single species provides
additional value to a broader range of target species (Rowland et al. 2006). Greater sagegrouse has been used as an umbrella species for grassland and shrub-steppe conservation
in the core of its range (Braun 2005, Rich et al. 2005), but its value as an umbrella
species at the northern edge of its range is unknown. Greater sage-grouse require
sagebrush for food and cover during most parts of their lifecycle (Schroeder et al. 1999,
Connelly et al. 2000), but many grassland songbirds are negatively impacted by
increases in the amount of woody cover (Coppedge et al. 2001, Grant et al. 2004, Fisher
& Davis 2010). On the other hand, some grassland songbirds such as loggerhead shrike
(Lanius ludovicianus) and Brewer’s sparrow (Spizella breweri) are dependent on woody
vegetation (Yosef 1996, Rotenberry et al. 1999). Conserving and managing for greater
sage-grouse habitat in Canada will likely have a positive or neutral impact on grassland
songbirds that are associated with woody vegetation. Sagebrush at the northern extent of
the greater sage-grouse’ range is characterized by silver sagebrush (Artemisia cana; see
USDA 2018 for reference to plant scientific names), rather than the larger, denser big
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sagebrush (A. tridentata) at the core of greater sage-grouse range (Aldridge & Brigham
2002). Throughout their range greater sage-grouse also rely on non-sagebrush habitats
for brood-rearing, when they depend on high proportions of forb coverage (Schroeder et
al. 1999, Connelly et al. 2000). These non-sagebrush habitat types could benefit certain
grassland songbirds and perhaps even grassland endemic species.

1.2 RESEARCH OBJECTIVES
The objectives of my research were to:
1. Identify what vegetation characteristics are correlated with grassland songbird
abundance/occurrence and determine whether these relationships remain constant, or
change in a predictable manner along a moisture gradient.
2. Determine the extent to which greater sage-grouse could serve as an umbrella
species for grassland songbirds by examining overlap in the vegetation structure
requirements of grassland songbirds and the vegetation characteristics of greater
sage-grouse critical habitat.
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2.0 HABITAT SELECTION ALONG A MOISTURE GRADIENT:
DETERMINING THE NEED FOR REGIONAL VEGETATION TARGETS FOR
GRASSLAND SONGBIRDS.

2.1 INTRODUCTION
Environmental factors have a profound impact on the type of habitat that is
available to wildlife. In grassland areas, increases in moisture can lead to increases in
vegetation height and density, and the amount of woody vegetation. Studies along these
gradients allow for the detection of complex spatial trends in habitat selection that could
potentially be overlooked during evaluations of habitat selection at smaller spatial scales
(Fortin et al. 2008). Identifying changes in habitat selection along environmental
gradients also provides a better representation of how species respond to vegetation
characteristics within their environment than comparisons of geographically isolated
areas because it minimizes variability in external factors, such as climate, predation, and
soil type that can add to the influences of vegetation structure or composition.
Furthermore, environmental gradients without physical barriers are likely to contain
congruent populations that use similar habitat attributes as cues throughout their extent
(Whittingham et al. 2007). A functional response towards a specific habitat variable is
easiest to detect when availability of the resource varies above and below a certain
threshold of suitability or becomes absent altogether (Fortin et al. 2008). Studying
habitat selection across environmental gradients allows one to identify the relative
importance of these resources and their thresholds. This in turn helps explain species’
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distributions and abundance of populations (Flesch & Steidl 2010) and can account for
regional variations within conservation strategies (Beguin et al. 2013).
Earlier studies have shown that environmental gradients influence species’
distributions (e.g., Bond 1957), but these studies have largely focused on changes in
community structure or species density along the gradient (Karr & Freemark 1983,
Collins et al. 1982, Kirk et al. 1996). Many authors have assumed that species
associations with habitat characteristics remain constant throughout environmental
gradients. Very few studies have attempted to decipher whether habitat associations are
indeed static along gradients (but see Osko et al. 2004, Fortin et al. 2008, Beguin et al.
2013) and fewer researchers have applied this to birds (see Flesch & Steidl 2010, Ehrich
et al. 2012, Boves et al. 2013). Still, many studies involving species with large
geographic ranges often declare that results from one area should not be directly applied
to other areas because the processes driving habitat selection are likely very different
(Osko et al. 2004, Bamford et al. 2009). The flexibility of habitat associations is difficult
to address because habitat relationships of birds can change during consecutive years at
the same location based on annual variation in the structural characteristics of vegetation
(Davis 2004, Winter et al. 2005) and habitat variation within study regions can also be
equal or higher than the variation between regions (Winter et al. 2005). Annual variation
in habitat use due to precipitation was noted in tropical forests of Panama where capture
rates of birds varied across moisture and vegetation gradients, but the effects were much
less pronounced in dry versus wet periods (Karr & Freemark 1983).
Each species is predicted to have its own optimal habitat conditions along an
environmental gradient and therefore occurrence and abundance should diminish from
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this point as conditions become less suitable (Bond 1957, Kendeigh & Fawver 1981,
Karr & Freemark 1983). The rate at which abundance or occurrence decreases along
environmental gradients also varies among species. Some species are generalists that
occupy a variety of habitat conditions; others are specialists that tolerate only a narrow
range of conditions (Mac Nally 1989). The range of resources used by an organism is
often considerably smaller than the range of resources they are physiologically capable
of using (Colwell & Fuentes 1975, Fox & Morrow 1981), which also must be considered
when interpreting vegetation characteristics species are associated with. The processes
that determine where a species settles along an environmental gradient have only
recently been examined in greater detail (e.g., Fortin et al. 2008, Beguin et al. 2013), and
there are several explanations: 1) Species may select the same habitat attributes
throughout an environmental gradient and any changes in density are the result of
changes in available habitat (Bond 1957). Species that tolerate a wider range of
conditions would occupy many sites along the environmental gradient and those with
more specific requirements would only occupy certain sites where these requirements are
met (Bond 1957). 2) Habitat selection varies as habitat conditions change along
environmental gradients. As a result, species make slight adjustments to what is
perceived as “ideal conditions” in response to what is most prevalent in that area (Ehrich
et al. 2012). Shifts in habitat preference would not be substantial enough to allow a
species to persist through dramatic changes in habitat conditions but would allow them
to occupy a wider breadth of habitat conditions than if habitat selection remained
constant (Karr & Freemark 1983). 3) Important attributes of habitat for species vary
between isolated populations so that each is adapted to their own set of conditions
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(Parrish 1995). This may be a plausible explanation for species using distinct regions but
is unlikely for species occurring along environmental gradients that have a high degree
of connectivity. The prairies are an ideal location for studies addressing habitat selection
due to the region’s large, contiguous area and a much lower degree of structural
complexity compared to other habitat types (e.g., forests) (Wiens 1969).
Variations in habitat associations have important implications for conservation and
how habitat is managed for target species. For example, such variation may require
separate conservation or management actions for the same species in different regions.
Validating whether habitat associations change across environmental gradients or
between regions should be a priority because species conservation would be more
efficient if researchers did not have to replicate studies in multiple areas throughout a
species’ geographic range. If habitat associations do change in a predictable manner, we
could begin to understand the underlying processes involved and account for them in
conservation plans and future studies on habitat selection (Whittingham et al. 2007). In
most cases a species’ association with habitat variables will be non-linear, unless the
species exists near the extremes of available conditions where the outer threshold
tolerated by a species is not achieved in which case only a linear relationship would be
evident (Bond 1957). Furthermore, the direction of the relationship, even the importance
of a particular habitat variable, may vary depending on its availability on the landscape
(Fortin et al. 2008, Ehrich et al. 2012, Flesch & Steidl 2010). Researchers commonly
report whether a habitat variable causes an increase or decrease in species abundance,
occurrence, or density, but often overlook non-linear relationships. A positive or
negative association with a particular habitat variable also has limited utility from a
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management perspective if it is not put into the context of the available conditions where
sampling took place (Madden et al. 2000). Studies conducted on the same species at
different points along environmental gradients can document different associations with
habitat variables. For example, Madden et al. (2000) compared their findings for
Sprague’s pipit (Anthus spragueii) habitat preferences in North Dakota to results from
Dale (1983) in Saskatchewan and found that although pipits were positively correlated
with visual obstruction in one study and negatively correlated in the other, the absolute
values for vegetation characteristics associated with pipits in both instances were similar.
Quadratic terms used in resource selection analyses have previously been the most
common method for identifying whether relationships to habitat characteristics express
an asymptote at a particular point and switch from positive to negative associations (e.g.,
Boyce et al. 2003). However, Fortin et al. (2008) found that models using quadratic
terms to account for changes in habitat associations did not perform as well in
comparison to their models that used geographical interaction terms to account for these
changes (Fortin et al. 2008).
Moisture is presumed to play a key role in determining the habitat features
available to grassland songbirds on native rangelands throughout the northern mixedgrass prairies (Niemuth et al. 2008, Lipsey & Naugle 2017). Precipitation patterns reflect
a series of gradients that occur in a relatively predictable manner (Wiens 1974). In the
Canadian prairies, annual precipitation generally increases from the Rocky Mountains in
Alberta east to Manitoba and from the Canadian border north to the boreal transition
ecoregion (Askins et al. 2007). The effects of moisture on grassland songbird habitat
selection vary among species based on their different habitat requirements (Niemuth et
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al. 2008). Abundance of a given species may increase with vegetation height and density
in one region and decrease in another. Grassland songbirds have likely evolved a
searching response (Kantrud & Faanes 1979, Igl & Johnson 1999), which allows them to
locate appropriate breeding habitat despite considerable shifts in precipitation and
subsequent changes in vegetation height and density. However, changes in the response
of grassland songbirds to vegetation as vegetation conditions change along moisture
gradients means that blanket management prescriptions are unlikely to consistently
benefit grassland songbird diversity or even a single species (Herkert et al. 1996,
Vickery et al. 2000, Askins et al. 2007). Understanding and comparing how birds
respond to shifts in habitat conditions caused by moisture is important for conservation
as most grassland bird populations are in decline (Sauer et al. 2017) and the primary
causes are loss and degradation of native grasslands (Askins et al. 2007). The first step
towards conserving grassland species is to protect the remaining native prairie in an
attempt to stabilize the declines. Efforts should also focus on restoring habitat and
improving the quality of degraded sites to reverse population declines. To accomplish
this objective it is important to understand the grassland features required by target
species, and then try to promote these conditions within a species’ geographic range. The
general habitat affinities of grassland songbirds in native rangelands are well known, but
have largely consisted of bird-centric habitat measurements that have little meaning to
livestock producers and land managers (Fisher & Davis 2010, Henderson & Davis 2014).
Few studies have attempted to incorporate measures of rangeland health from a livestock
producer’s perspective and how this relates to grassland biodiversity (e.g., Smith et al.
1996, Bradford et al. 1998, Henderson & Davis 2014).
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My research was conducted in southwest Saskatchewan from the arid mixed-grass
prairie of the south, to the central moist-mixed prairie ecoregion and aspen parkland
ecoregion to the north. The three ecoregions examined in this study are differentiated in
part by a moisture gradient that increases from southwest to northeast (Ecological
Stratification Working Group 1995). A number of studies have examined habitat
preferences of grassland songbirds within Saskatchewan’s mixed-grass prairie (e.g.,
Davis et al. 1999, Davis 2004, Henderson & Davis 2014). However, most have been
conducted at a local level within a particular ecosite or ecoregion and none have
examined potential shifts in species’ habitat associations along a moisture gradient.
Understanding how habitat use changes across habitat gradients should provide a clearer
understanding of the vegetation features that are important to grassland songbirds and
make it easier for researchers to detect shifts in these associations.

2.1.1 Study Objective and Research Hypotheses
The objective of my study is to determine whether the habitat preferences of
grassland songbird species remain consistent along four moisture gradients (latitude,
breeding season precipitation, pre-breeding season precipitation, and conserved soil
moisture) in the mixed-grass prairie region. My study takes advantage of the variation in
grazing intensities across multiple native rangelands to help determine what key
vegetation features are selected for by grassland songbirds and what thresholds exist for
these features. I attempted to incorporate vegetation characteristics that were biologically
important to songbird species, but were also familiar to ranchers and range managers.
I consider two hypotheses:
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1)

Selection pressures influencing habitat selection by grassland songbirds in native

rangelands are consistent across a moisture gradient. If true, I predict that the same plant
structure variables will be important predictors of abundance throughout the moisture
gradient for each species. Furthermore, I predict that although the direction of the
habitat-abundance relationships may vary along a moisture gradient (e.g. negative
association with vegetation height in wetter areas versus positive in drier areas), the
absolute values that the species selects (e.g. abundance highest when vegetation is 10 cm
tall) will be the same throughout. Support for this hypothesis would indicate that the
same management targets for each species could be set for the entire region.
2)

Selection pressures influencing habitat use by grassland songbirds in native

rangeland vary across a moisture gradient or change based on habitat availability. If true,
I predict that the relationship between species abundance and vegetation structure will
vary at different points throughout the moisture gradient. Support for this hypothesis
would indicate that different management targets will need to be established along the
gradient.

2.2 METHODS
2.2.1 Study Area
I conducted songbird and vegetation surveys within the mixed grassland, moistmixed grassland, and aspen parkland ecoregions of the Prairie Ecozone of western
Saskatchewan (Ecological Stratification Working Group 1995). My study area extended
from the Alberta-Saskatchewan border (110° W) east to approximately Saskatoon, SK
(106° 40’ W) and from the Saskatchewan-Montana border (49° N) north to beyond
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North Battleford, SK (53° 20’ N) (Figure 2.1). I selected this region because it is home to
a number of grassland songbird species-at-risk and it contains a moisture gradient
extending southwest (relatively low precipitation) to northeast (relatively high
precipitation). The mixed grassland is the southernmost and driest of the ecoregions
typically receiving 250-350 mm of precipitation per year. The characteristic vegetation
of the region includes spear grasses (Hesperostipa and Nassella spp.), blue grama
(Bouteloua gracilis), and wheat grasses (Elymus and Pascopyrum spp.) along with June
grass (Koeleria macrantha), sedges (Carex spp.), and sagebrush (Artemisia cana). The
moist-mixed grassland receives 350-400 mm of precipitation annually and is dominated
by spear and wheat grasses, as well as a variety of shrubs such as western snowberry
(Symphoricarpos occidentalis), saskatoon (Amelanchier alnifolia), buffalo berry
(Shepherdia argentea) and chokecherry (Prunus virginiana), along with patches of
trembling aspen (Populus tremuloides). The aspen parkland ecoregion is a transition
zone between the moist-mixed grassland and the boreal forest. The mean annual
precipitation of the aspen parkland ranges from 400-500 mm and the dominant
vegetation in this area is trembling aspen and shrubs, such as red-osier dogwood (Cornus
sericea), beaked willow (Salix bebbiana), saskatoon, chokecherry, roses (Rosa spp.) and
western snowberry. Throughout the aspen parkland there are small patches of grasslands,
which historically were dominated by plains rough fescue (Festuca hallii) and northern
fescue (F. viviparoidea); however, most of the grasslands have been converted to
farmland or are now dominated by exotic grasses, such as smooth brome (Bromus
inermis) and Kentucky bluegrass (Poa pratensis) (Shorthouse 2010).
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Figure 2.1 Chapter 2 study area in southwestern Saskatchewan and ecoregions occurring
within its boundaries.

2.2.2 Study Site Selection
The study area was divided into eight study blocks approximately 50 x 50 km in
dimension. Study blocks were paired at different intervals along the moisture and
latitude gradient in areas that contained large blocks of native grassland (Figure 2.2).
Study sites within each block were made up of a mixture of community pastures
managed by federal, provincial, and private patron agencies, as well as private
rangelands. Up to five study sites were randomly selected from each management group
(i.e., federal, provincial, or private) within a block. If one management group was absent
from a particular block, or I was denied access, then all remaining pastures (regardless of
who managed them) were pooled and I randomly selected another pasture until I had five
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Figure 2.2 Thirty year annual precipitation averages (Government of Canada 2018) and
distribution of study blocks within my study area in southwestern Saskatchewan.

study sites or no other options existed. Many pastures in the northernmost extent of the
study area were unsuitable because of extensive woody vegetation encroachment or
because grassland patches were either too small or dominated by exotic plant species.
Therefore, in 2017 the search for native rangelands was broadened beyond the 50 x 50
km boundaries of the two northernmost study blocks and study sites in this region were
sampled opportunistically wherever pastures meeting my selection criteria could be
found.
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Study sites were restricted to the most common upland range sites (solonetzic,
sand, sandy loam, loam, and clay) (Thorpe 2007) to maximize the chances of recording
my target species. I also restricted study sites to pastures > 128 ha to minimize any effect
of patch size on target species (Davis 2004). Study sites ranged in size from 324 ha to
40,658 ha (mean = 10,365 ha), and cattle stocking densities ranged from 0.056 to 0.395
(mean = 0.137) cow-calf pairs per hectare. Most ranches were cow-calf operations, but a
small number of bulls and yearlings were also present. Grazing typically occurred from
late May to early November. Seventeen study sites were administered through
Agriculture and Agri-food Canada, nine were provincially managed by the
Saskatchewan Ministry of Agriculture’s Lands Branch, 12 were private grazing
cooperatives collectively managed by multiple ranchers, and seven were privately-owned
rangelands managed as an individual or family operation. Surveys were also conducted
on three Nature Conservancy of Canada (NCC) properties and Grasslands National Park.
All NCC properties were subject to either cattle or bison grazing. Grasslands National
Park contained areas grazed by cattle or bison, prairie dog colonies, or were exempt from
any form of grazing over recent years.

2.2.3 Grassland Songbird Surveys
Sampling sites for birds and vegetation were randomly distributed throughout each
study site. I randomly selected a starting point in a Geographic Information System
(GIS) and then located additional points 400 m apart along existing trail networks when
vehicle access was permitted, or along linear transects that were walked. Songbird
abundance and occurrence were quantified using standardized procedures recommended
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for grassland habitats and similar to the methodology outlined in Ralph et al. (1993).
Survey stations consisted of 100 m radius, fixed point-counts randomly distributed
throughout each study site. The perimeter of each point-count station was situated at
least 50 m from roads, trails, fence lines, and non-grassland habitats to minimize the
influence of edge habitat. Point-count surveys were conducted for five minutes, and the
approximate distance and direction to each individual bird detected visually or audibly
was recorded. Birds flushed within 100 m of the point-count center while traveling to the
survey locations, as well as fly-overs and birds detected outside the 100 m radius were
recorded but noted separately from birds detected during surveys. Surveyors underwent
two weeks of training prior to data collection to ensure they could confidently identify
target species and to improve distance estimation ability. Point counts were conducted
between sunrise and 0900 h when male songbirds defending territories and are most
conspicuous. Surveys were not conducted on mornings with precipitation or wind speeds
exceeding 20 km/h. Wind speed was recorded using a Kestrel© wind meter. Point-count
surveys were conducted from May 29 th to July 7th, 2016 and from May 24 th to July 7th,
2017. The same pastures were often sampled both years, but specific point-count
locations were only visited once per season and the same point-count location was never
surveyed in consecutive years. Focal grassland songbird species included horned lark
(Eremophila alpestris), Sprague’s pipit, chestnut-collared longspur (Calcarius ornatus),
McCown’s longspur (Rhynchophanes mccownii), clay-colored sparrow (Spizella
pallida), Brewer’s sparrow (Spizella breweri), vesper sparrow (Pooecetes gramineus),
lark bunting (Calamospiza melanocorys), Savannah sparrow (Passerculus
sandwichensis), grasshopper sparrow (Ammodramus savannarum), Baird’s sparrow
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(Ammodramus bairdii), bobolink (Dolichonyx oryzivorus), western meadowlark
(Sturnella neglecta), and brown-headed cowbird (Molothrus ater).

2.2.4 Vegetation Surveys
I selected vegetation variables based on characteristics identified by Fisher &
Davis (2010) and by talking with livestock producers prior to and during my study to
determine which vegetation features they base their grazing management decisions on.
Vegetation variables that were identified by livestock producers (e.g., bare ground cover,
vegetation height, residual vegetation, “weed” species, and shrubs) were added to the
vegetation survey methodology or suitable indicators were used to represent them (e.g.,
live grass cover representative of amount of lush, green forage available). This was to
ensure that I included habitat features that were relevant to both the birds and ranchers
and could be manipulated if used as management targets in the future. Vegetation
variables consisted of vegetation cover types (native grasses, exotic grasses, shrubs, and
dead vegetation), cow pies, and bare ground. Bare ground cover consisted mostly of club
moss and lichen, but was also composed of exposed soil. Native and exotic grass cover
types were combined into a live grass category. I created a variable for “percent native
grass” by calculating the percentage of native grasses relative to total grass (i.e., percent
native grass = native grass cover / [native grass cover + exotic grass cover]). Other
vegetation variables included vegetation height, visual obstruction reading, and litter
mass (unattached, dead vegetation).
During the two-week training period, surveyors also practiced vegetation sampling
together to standardize the protocol and minimize individual bias. Vegetation surveys
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were conducted on the same day as bird surveys to ensure that vegetation characteristics
were indicative of conditions at that time. Point-count stations were divided into four
quadrants based on their north-south and east-west axes. Prior to each field season, a 30
m transect was randomly located within each quadrant to measure cover values for
certain cover types (see below) and also dictated where vegetation plots (quadrats) would
be placed (see Figure 2.3 for example). Two quadrants were randomly selected for
vegetation surveys on the day of sampling using a random number generator because it
was too time-consuming to sample all four quadrants. Vegetation plots were placed at
the 0, 15, and 30 m positions along transects, which resulted in a total of six vegetation
plots for each point-count location. Cover measurements were estimated within a 0.5 m2
quadrat that outlined the limits for each vegetation plot. Visual obstruction readings
(VOR’s) were measured at the center of each plot using a Robel pole to create a
vegetation density index (Robel et al. 1970). The Robel pole was a white 3 x 150 cm
round pole with alternating black and white centimeter increments (Toledo et al. 2008).
Visual obstruction readings were recorded as the lowest centimeter mark on the pole that
was visible from parallel to the top of the pole at a distance of 4 m. Vegetation height
was measured in the vegetation plot using a ruler (Stewart et al. 2001) and defined as the
location on the ruler where approximately 80% of vegetation was located below (Fisher
& Davis 2010). Litter was collected by raking up all of the loose, dead plant material by
hand within a 0.25 m2 rectangular frame as outlined in the Rangeland Health Assessment
Manual for Grassland, Forest and Tame Pasture (Government of Alberta 2009). This
frame was situated in the corner of the vegetation plot closest to the transect tape. Litter
samples were bagged and transported to the lab where they were dried and weighed in a
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Figure 2.3 Template for randomly selected vegetation plots (black squares) and 30 m
transects (solid black lines) within 100 m radius point-count areas during the 2017 field
season.

forced-air oven at 60°C. Mass was periodically measured and a final mass was recorded
when no change in mass occurred between measurements (Launchbaugh 2009). A drying
time of 24 hours per sample was found to be sufficient. Following all analyses, litter
mass was converted to g/m2 to provide a spatial context and because it is easily
converted to lbs/acre which is used by range managers. Although shrub and cow-pie
cover was measured within the 0.5 m2 quadrat, I also used the line-intercept method
because I was unsure how well the quadrat method quantified shrub and cow-pie cover
given their patchy distributions (McIntyre 1953). The line-intercept method involved
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measuring the start and end point of each shrub and cow pie intersecting the 30 m tape
and dividing the cumulative total for each cover type by the total length of the transect.
Following the 2016 field season I tested for collinearity between the vegetation
variables to assess whether any could be removed from the sampling protocol to make
data collection more efficient. I found the two shrub cover measures were highly
correlated (Pearson correlation r = 0.89) and therefore used the quadrat method in 2017
because the line-intercept method was far more time consuming. No other vegetation
variables had correlations that were high enough to generate a concern during analysis.

2.2.5 Moisture Gradient Indices
I selected four indices to represent a sampling site’s position along the moisture
gradient; latitude, breeding season precipitation (hereafter breeding precipitation), prebreeding season precipitation (hereafter pre-breeding precipitation), and conserved soil
moisture (CSM). I selected these four indices because each one represents a different
time period over which moisture influences vegetation growth. With the exception of
latitude, moisture gradient indices were calculated using precipitation data taken from
the closest available Environment Canada weather station, which ranged from 7 to 86 km
(mean = 36 km) from point-count survey locations (Government of Canada 2017). If
daily records were lacking from the nearest weather station, I averaged the values from
the next two closest stations. Breeding precipitation consisted of total precipitation that
occurred during the data collection period (May 16 th to July 15th). Pre-breeding
precipitation reflected total precipitation for the 10 months prior to data collection (July
16th to May 15th), which I postulated would have an influence on vegetation growth
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during the start of the growing season. CSM was calculated using the equation derived
by Williams and Robertson (1965) and described in Boyd (1981). It uses monthly
precipitation values over a 21 month period starting on May 1 st, and gives a higher
weighting to fall and winter months because they contribute more to persistent soil
moisture (Bethke & Nudds 1993). I found no strong correlations between moisture
gradient indices (maximum Pearson correlation r = 0.62).

2.2.6 Statistical Analysis
2.2.6.1 Vegetation along Latitude and Moisture Gradients
All statistical analyses were conducted in R version 3.4.3 (R Core Team 2017).
The influence of the moisture gradient on vegetation variables was determined using
univariate Generalized Additive Models (GAMs) using the package “mgcv” (Wood
2011). I used the mean value of each individual vegetation variable (live grass, dead
grass, shrub, cow pie, and bare ground cover, percent native grass, vegetation height,
litter mass, and visual obstruction) within a point-count circle as the response variable
and each separate measure of the moisture gradient (latitude, breeding season
precipitation, pre-breeding season precipitation, and CSM) as the predictor variable and
compared each Akaike Information Criterion (AIC) value to a null model. I selected
Maximum Likelihood as the smoothing parameter estimation method for GAMs with the
option that the smoothing parameter that is part of the fitting can completely remove
terms from the model if the parameter’s effect is low enough. GAMs were constructed
using a normal distribution and an “identity” link function.
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2.2.6.2 Songbird-Vegetation Relationships across a Moisture Gradient
I used GAMs with the same smoothing parameter options outlined above to
quantify the relationships between bird abundance/occurrence and vegetation structure
along a moisture gradient. I used abundance as a response variable for all species
occurring at > 10% of point counts and occurrence as a response variable for all species
found at < 10% of point-count locations (Appendix A-1). I only used species counts
from within the 100 m point-count area and did not include fly-over detections. I
modeled abundance using a negative binomial distribution and “log” link function, and
modeled occurrence using a binomial distribution and “logit” link function. I constructed
five distinct models for each songbird species using the same methodology and refer to
them as global models. The first was a base model that included only vegetation
variables independent of the effects of moisture. The other four models included
vegetation variables and interactions with each of the four moisture gradient indices
described above; latitude, breeding precipitation, pre-breeding precipitation, and
conserved soil moisture.
The first step in model construction was to identify the vegetation variables that
were most important for explaining bird abundance and occurrence and whether these
relationships depended upon the year of the survey. I used a step-wise model-selection
approach to reduce the number of variables and models considered. For each of the nine
vegetation variables, I compared year (2016 and 2017), vegetation, vegetation+year,
vegetation×year models and an intercept-only model using AIC. I retained vegetation
variables for subsequent steps in the analyses if their AIC values were < 2 AIC units
from the intercept-only model. In cases where the vegetation×year model was deemed
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the best model (i.e., smallest AIC value), I examined the shape of these relationships
using the predict function from the package “stats” (R Core Team 2017). In each case,
there was no strong interaction (characterized by large 85% confidence intervals)
between vegetation variables and year for any species and therefore year-by-vegetation
variable interactions were not considered in subsequent steps. Models with the cow-pie
cover variable measured using the line-intercept method had lower AIC values than
those with cow-pie cover measured using the quadrat method for all species. Therefore, I
used cow-pie cover measured by the line-intercept method for all analyses. Univariate
plots for all vegetation variables for each species are included in Appendix A-2.
The second step in model construction was to determine whether the relationship
between vegetation and songbird abundance/occurrence changed at different points
along moisture gradient. I used the same approach described above for vegetation×year
interactions. For each species and vegetation variable, I compared models composed of
vegetation, moisture, vegetation+moisture and vegetation×moisture. If AIC values of the
vegetation×moisture were < 2 AIC units from the vegetation and vegetation+moisture
models then that interaction term was included in the final step of model construction.
This same procedure was repeated four times for each of the four indices used to
represent the moisture gradient.
During the final step of model construction I included all variables and interaction
terms that were retained after the first two steps and created a global model for each of
the four moisture gradient indices and one global model containing only vegetation
variables (i.e., no moisture gradient interactions) for each individual species. I then

32

compared the AIC values for each of these five models to determine which was the top
model overall.
Using the top model for each species, I determined which vegetation variables and
vegetation×moisture gradient interactions had the strongest effect and focused my
discussion on these variables. I used the “summary” and “plot” function for GAM
models and evaluated a combination of the expected degrees of freedom (edf) and pvalues from the summary tables and the plot.gam outputs. Variables that had weak
effects were characterized as those that had a combination of two or more of the
following characteristics: edf’s < 1, p-values > 0.05, and plot.gam outputs with slopes
near 0. The predict function was used to determine the values of each of these important
vegetation variables where peak abundance or probability of occurrence existed with
85% confidence intervals. Predicted values of abundance/occurrence were obtained for
each vegetation characteristic within the range of values where a species was detected.

2.3 RESULTS
2.3.1 Vegetation Structure
I conducted 1,592 point-count surveys (838 in 2016 and 754 in 2017) in 49
pastures: 29 in 2016 and 39 in 2017, encompassing a broad range of vegetation
characteristics (Table 2.1). Vegetation was influenced by all four moisture indices (AIC
values for all models < 2 units in comparison to null models) (Figure 2.4) although
associations between vegetation structure and moisture were not consistent between
indices and many lacked distinct, biologically relevant trends when the relationships
were plotted. All vegetation characteristics varied with latitude (Figure 2.4). As latitude
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increased so did cow-pie cover, shrub cover, vegetation height, and visual obstruction;
however, vegetation height and visual obstruction began to decrease at the northern
extent of the study area. Bare ground cover and percent native grass decreased as latitude
increased. Dead grass cover and litter mass values were low near the southern end of the
study area but were higher at all other latitudes, whereas live grass cover increased with
latitude to 51°N and then decreased at more northerly sites.
Vegetation variables were influenced by breeding precipitation (Figure 2.4);
however, plotting these results revealed highly variable, non-linear relationships with
wide confidence intervals for dead grass cover, bare ground cover, litter mass, live grass
cover, percent native grass, shrub cover, and visual obstruction. Vegetation height tended
to decrease with an increase in breeding precipitation and cow-pie cover increased. The
relationship between vegetation variables and pre-breeding precipitation was highly
variable with wide confidence intervals (Figure 2.4) although I found that vegetation
height, visual obstruction, and cow-pie cover decreased with an increase in pre-breeding
precipitation, whereas bare ground cover and percent native grass increased. Dead and
live grass cover and litter mass gradually increased with pre-breeding precipitation and
then declined sharply at the highest precipitation values. I found no biologically relevant
relationships between shrub cover and pre-breeding precipitation or between vegetation
variables and conserved soil moisture except that dead grass cover decreased with
increasing CSM (Figure 2.4).
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Table 2.1 Summary of vegetation characteristics, bare ground cover (bare
ground/lichen/moss), and cow-pie cover within the study area.
2016

2017

Habitat Variable

Mean ± SD

Range

Mean ± SD

Range

Cow Pie (%)

0.4 ± 0.6

0.0-4.7

0.2 ± 0.4

0.0-4.0

Dead Grass (%)

29.8 ± 16.5

0.0-78.3

29.2 ± 18.4

0.0-81.5

Grass Proportion –
Native (%)

79.7 ± 29.1

0.0-100.0

81.0 ± 31.4

0.0-100.0

Bare Ground (%)

22.4 ± 20.0

0.0-82.5

26.6 ± 21.5

0.0-93.2

Litter Mass (g/m2)

77.9 ± 74.0

0-529.3

51.2 ± 64.2

0.0-471.7

Live Grass (%)

26.1 ± 10.9

2.7-67.5

22.6 ± 12.5

0.0-74.2

Shrub (%)

7.2 ± 12.0

0.0-89.0

8.0 ± 13.1

0.0-90.8

Vegetation Height (cm)

14.4 ± 6.7

1.6-63.3

16.9 ± 8.4

3.3-65.2

Visual Obstruction (cm)

6.8 ± 4.4

1.0-32.2

7.0 ± 5.2

1.0-35.0
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Shrub Cover (%) Live Grass Cover
(%)
Litter Mass
(g/m2)
Bare Ground
Cover (%)

Dead Grass
Cover (%)
Cow-pie Cover
(%)

Latitude (°)
Breeding
Precipitation
(mm)
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Pre-breeding
Precipitation
(mm)
Conserved Soil
Moisture Index

Pre-breeding
Precipitation
(mm)

Conserved Soil
Moisture Index

Percent Native
Grass

Visual
Obstruction (cm)

Vegetation
Height (cm)

Latitude (°)

Breeding
Precipitation
(mm)

Figure 2.4 Associations between vegetation variables and moisture gradient indices with
95% confidence limits. The default y-axis in plot.gam is centered on the scale of the
linear predictor.

2.3.2 Relationships between songbird abundance/occurrence and vegetation
structure along a moisture gradient
The three most abundant species recorded during point-count surveys were
Savannah sparrow, chestnut-collared longspur, and Baird’s sparrow. Savannah and
Baird’s sparrows were also the most prevalent species along with Sprague’s pipit
(Appendix A-1). Horned lark, chestnut-collared and McCown’s longspur, Brewer’s
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sparrow, and lark bunting were restricted almost entirely to the Mixed Grassland
ecoregion and grasshopper and Baird’s sparrow were rare in the Aspen Parkland (2% of
point counts) (Appendix A-3). All other species were detected throughout the study area
in all three ecoregions. An additional 94 non-target species were also detected within or
between point-count areas. For 12 of 14 target species, top models that included an
interaction term between moisture and vegetation variables performed better than models
without moisture effects (Table 2.2). Models containing a latitude variable received the
most support as the top model for six of 14 species (Table 2.2). Latitude influenced at
least one association between vegetation structure and the abundance/occurrence of five
of these species. Models containing pre-breeding precipitation were the top models for
four species and pre-breeding precipitation influenced at least one association between
vegetation structure and abundance/occurrence for all four of these species (Table 2.2).
Models containing breeding precipitation and CSM were the top models for two species
each. In three of four of these top models, breeding precipitation or CSM influenced at
least one association between vegetation structure and abundance/occurrence (Table 2.2
and Table 2.3). The type and number of vegetation variables included in each top model
varied between species (see Appendix A-4). Means and ranges of vegetation
characteristics recorded at point counts where species were present and absent are
presented in Appendix A-5.
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Table 2.2 Ranking of models with moisture gradient effects, vegetation-only variables,
and null models for each target species (K is the number of parameters in the model, AIC
is Akaike’s Information Criterion, and R-sq. (adj) is the adjusted R2 value.). LAT =
latitude, BP = breeding precipitation, PBP = pre-breeding precipitation, CSM =
conserved soil moisture, G = bare ground cover, CP = cow-pie cover, LG = live grass
cover, DG = dead grass cover, NG = percent native grass, S = shrub cover, VH =
vegetation height, VOR = visual obstruction reading, LM = litter mass.

Species
Horned
Lark

Moisture
Gradient Index
Latitude

Breeding
Precipitation

Conserved Soil
Moisture

Pre-breeding
Precipitation

Vegetation Only

Model
LAT, VOR, LATxVOR, G,
LM, LATxLM, VH,
LATxVH, S, LATxS, DG,
LG, LATxLG, NG,
LATxNG
BP, VOR, BPxVOR, G,
BPxG, LM, VH, BPxVH, S,
DG, BPxDG, LG, BPxLG,
NG, BPxNG, CP, BPxCP
CSM, VOR, G, CSMxG,
LM, CSMxLM, VH,
CSMxVH, S, DG,
CSMxDG, LG, CSMxLG,
NG, CSMxNG, CP,
CSMxCP
PBP, VOR, PBPxVOR, G,
PBPxG, LM, PBPxLM, VH,
PBPxVH, S, PBPxS, DG,
PBPxDG, LG, PBPxLG,
NG, PBPxNG, CP, PBPxCP
VOR, G, LM, VH, S, DG,
LG, NG

Null

39

K
15

AIC
2174

R-sq.
(adj)
0.26

17

2188

0.34

17

2192

0.33

19

2236

0.31

8

2322

0.23

0

2689

0

Species
Sprague’s
Pipit

Moisture
Gradient Index
Pre-breeding
Precipitation

Latitude

Conserved Soil
Moisture

Breeding
Precipitation
Vegetation Only

Model
PBP, S, PBPxS, LG, VH,
VOR, PBPxVOR, G,
PBPxG, DG, PBPxDG, NG,
CP, LM, PBPxLM
LAT, S, LATxS, LG,
LATxLG, VH, LATxVH,
VOR, LATxVOR, G,
LATxG, DG, NG,
LATxNG, CP, LATxCP,
LM, LATxLM
CSM, S, CSMxS, LG, VH,
VOR, CSMxVOR, G, DG,
CSMxDG, NG, CSMxNG,
CP, LM, CSMxLM
BP, S, BPxS, LG, BPxLG,
VH, VOR, G, BPxG, DG,
NG, CP
S, LG, VH, VOR, G, DG,
NG, CP

Null

40

K
15

AIC
3205

R-sq.
(adj)
0.16

18

3208

0.16

15

3230

0.14

12

3230

0.15

8

3266

0.11

0

3438

0.0

Species
Chestnutcollared
Longspur

Moisture
Gradient Index
Latitude

Breeding
Precipitation

Conserved Soil
Moisture

Pre-breeding
Precipitation

Vegetation Only

Model
LAT, G, VOR, S, LATxS,
LM, LATxLM, VH,
LATxVH, DG, LATxDG,
LG, NG, LATxNG, CP
BPP, G, BPxG, VOR,
BPxVOR, S, BPxS, LM,
BPxLM, VH, BPxVH, DG,
BPxDG, LG, BPxLG, NG,
BPxNG, CP, BPxCP
CSM, G, CSMxG, VOR,
CSMxVOR, S, LM,
CSMxLM, VH, CSMxVH,
DG, CSMxDG, LG,
CSMxLG, NG, CP
PBP, G, PBPxG, VOR,
PBPxVOR, S, PBPxS, LM,
PBPxLM, VH, PBPxVH,
DG, PBPxDG, LG,
PBPxLG, NG, PBPxNG,
CP, PBPxCP
G, VOR, S, LM, VH, DG,
LG, NG, CP

Null

41

K
15

AIC
3199

R-sq.
(adj)
0.4

19

3255

0.45

16

3256

0.44

19

3362

0.42

9

3614

0.31

0

4063

0

Species
McCown’s
Longspur

Moisture
Gradient Index
Pre-breeding
Precipitation

Conserved Soil
Moisture

Breeding
Precipitation
Latitude
Vegetation Only

Claycolored
Sparrow

Null
Latitude

Pre-breeding
Precipitation

Conserved Soil
Moisture

Breeding
Precipitation

Vegetation Only

Model
PBP, G, VOR, PBPxVOR,
LM, PBPxLM, DG,
PBPxDG, VH, PBPxVH,
LG, NG, S, CP
CSM, G, CSMxG, VOR,
CSMxVOR, LM,
CSMxLM, DG, VH,
CSMxVH, LG, NG, S,
CSMxS, CP
BP, G, VOR, LM, DG, VH,
LG, NG, S, BPxS, CP
LAT, G, VOR, LM, DG,
VH, LG, NG, S, CP
G, VOR, LM, DG, VH, LG,
NG, S, CP
LAT, G, S, LATxS, VOR,
LATxVOR, VH, LATxVH,
LM, LATxLM, NG,
LATxNG, CP, LG,
LATxLG, DG, LATxDG
PBP, G, PBPxG, S, PBPxS,
VOR, PBPxVOR, VH, LM,
NG, CP, LG, PBPxLG, DG,
PBPxDG
CSM, G, CSMxG, S,
CSMxS, VOR, VH, LM,
NG, CSMxNG, CP, LG,
CSMxLG, DG, CSMxDG
BP, G, BPxG, S, BPxS,
VOR, BPxVOR, VH,
BPxVH, LM, NG, BPxNG,
CP, LG, BPxLG, DG,
BPxDG
G, S, VOR, VH, LM, NG,
CP, LG, DG

Null

42

K
14

AIC
233

R-sq.
(adj)
0.27

15

237

0.25

11

241

0.29

10

269

0.12

9

273

0.11

0
17

366
3338

0
0.38

15

3346

0.38

15

3358

0.35

17

3397

0.33

9

3434

0.31

0

3893

0

Species
Brewer’s
Sparrow

Moisture
Gradient Index
Latitude
Conserved Soil
Moisture

Pre-breeding
Precipitation

Breeding
Precipitation

Vegetation Only

Vesper
Sparrow

Null
Pre-breeding
Precipitation
Breeding
Precipitation

Latitude

Conserved Soil
Moisture
Vegetation Only
Null

Model
LAT, G, VOR, LM, CP,
VH, DG, LG
CSM, G, CSMxG, VOR,
CSMxVOR, LM, CP, VH,
CSMxVH, DG, CSMxDG,
LG
PBP, G, PBPxG, VOR,
PBPxVOR, LM, CP, VH,
PBPxVH, DG, PBPxDG,
LG, S, PBPxS
BP, G, BPxG, VOR,
BPxVOR, LM, CP, BPxCP,
VH, BPxVH, DG, BPxDG,
LG, S, BPxS
G, VOR, LM, CP, VH, DG,
LG
PBP, DG, PBPxDG, S, LM,
LG, VH
BP, DG, S, BPxS, LM,
BPxLM, LG, VH, BPxVH,
CP, BPxCP, G, BPxG,
VOR, BPxVOR
LAT, DG, S, LM, LG, VH,
CP, LATxCP, NG,
LATxNG
CSM, DG, S, LM, LG, VH
DG, S, LM, LG, VH,
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K
8

AIC
494

R-sq.
(adj)
0.15

12

516

0.16

14

523

0.19

15

525

0.18

7

554

0.11

0
7

660
2054

0
0.06

15

2055

0.08

10

2057

0.06

7

2063

0.06

5
0

2078
2122

0.04
0

Species
Lark
Bunting

Moisture
Gradient Index
Breeding
Precipitation
Conserved Soil
Moisture

Pre-breeding
Precipitation
Latitude

Vegetation Only

Savannah
Sparrow

Null
Breeding
Precipitation
Latitude

Pre-breeding
Precipitation
Conserved Soil
Moisture
Vegetation Only

Model
BP, G, VOR, VH, DG, LM,
LG, S
CSM, G, VOR, CSMxVOR,
VH, DG, CSMxDG, LM,
CSMxLM, LG, S, CSMxS,
CP, CSMxCP
PBP, G, VOR, VH,
PBPxVH, DG, LM, LG, S
LAT, G, LATxG, VOR,
LATxVOR, VH, LATxVH,
DG, LATxDG, LM,
LATxLM, LG, LATxLG, S,
LATxS, NG, LATxNG, CP,
LATxCP
G, VOR, VH, DG, LM, LG,
S
BP, G, LM, BPxLM, VOR,
DG, VH, LG, NG, BPxNG
LAT, G, LATxG, LM,
LATxLM, VOR,
LATxVOR, DG, LATxDG,
VH, LATxVH, LG, NG,
LATxNG, S, LATxS
PBP, G, PBPxG, LM,
PBPxLM, VOR, PBPxVOR,
DG, PBPxDG, VH, LG, NG
CSM, G, CSMxG, LM,
VOR, DG, VH, LG, NG,
CSMxNG
G, LM, VOR, DG, VH, LG,
NG

Null

44

K
8

AIC
637

R-sq.
(adj)
0.24

14

643

0.23

9

675

0.2

19

690

0.2

7

801

0.07

0
10

890
4395

0
0.2

16

4411

0.21

12

4423

0.19

10

4446

0.17

7

4464

0.16

0

4717

0

Species
Grasshopper
Sparrow

Moisture
Gradient Index
Pre-breeding
Precipitation

Latitude

Breeding
Precipitation

Baird’s
Sparrow

Conserved Soil
Moisture
Vegetation Only
Null
Latitude

Breeding
Precipitation

Pre-breeding
Precipitation
Conserved Soil
Moisture

Vegetation Only

Model
PBP, VH, PBPxVH, G, LG,
DG, PBPxDG, S, CP, VOR,
PBPxVOR, LM, PBPxLM,
NG, PBPxNG
LAT, VH, G, LATxG, LG,
DG, LATxDG, S, CP, VOR,
LATxVOR, LM, LATxLM
BP, VH, G, BPxG, LG,
BPxLG, DG, S, BPxS, CP,
BPxCP
CSM, VH, CSMxVH, G,
LG, DG, CSMxDG, S, CP
VH, G, LG, DG, S, CP
LAT, S, LATxS, DG, VOR,
VH, LATxVH, CP, NG,
LATxNG, LM, G, LG,
LATxLG
BP, S, DG, VOR, BPxVOR,
VH, BPxVH, CP, BPxCP,
NG, BPxNG, LM, BPxLM,
G, BPxG, LG, BPxLG
PBP, S, PBPxS, DG, VOR,
VH, PBPxVH, CP,
PBPxCP, NG, LM, G, LG
CSM, S, DG, CSMxDG,
VOR, CSMxVOR, VH,
CSMxVH, CP, NG,
CSMxNG, LM, CSMxLM,
G, CSMxG, LG
S, DG, VOR, VH, CP, NG,
LM, G, LG

Null

45

K
15

AIC
1960

R-sq.
(adj)
0.14

13

1971

0.11

11

2017

0.08

9

2041

0.05

6
0
14

2055
2116
3834

0.04
0
0.21

17

3978

0.18

13

3989

0.15

16

3993

0.16

9

4059

0.11

0

4233

0

Species
Bobolink

Moisture
Gradient Index
Conserved Soil
Moisture
Breeding
Precipitation
Latitude

Pre-breeding
Precipitation
Vegetation Only
Null
Western
Breeding
Meadowlark Precipitation

Conserved Soil
Moisture
Pre-breeding
Precipitation

Latitude

Vegetation Only
Null

Model
CSM, VOR, VH, G,
CSMxG, DG, CSMxDG,
LM, LG, CSMxLG, NG
BP, VOR, VH, G, BPxG,
DG, BPxDG, LM, LG, NG,
CP, BPxCP
LAT, VOR, VH, G,
LATxG, DG, LM, LG, NG,
LATxNG, CP, LATxCP
PBP, VOR, VH, PBPxVH,
G, PBPxG, DG, LM, LG,
NG
VOR, VH, G, DG, LM, LG,
NG
BP, VOR, BPxVOR, LM, S,
BPxS, G, BPxG, DG, VH,
BPxVH, NG, BPxNG, LG,
BPxNG
CSM, VOR, LM,
CSMxLM, S, G, DG, VH,
CSMxVH, NG, CSMxNG
PBP, VOR, PBPxVOR, LM,
PBPxLM, S, PBPxS, G,
PBPxG, DG, PBPxDG, VH,
PBPxVH
LAT, VOR, LATxVOR,
LM, S, LATxS, G, LATxG,
DG, VH, LATxVH, NG,
LATxNG, LG, LATxNG
VOR, LM, S, G, DG

46

K
11

AIC
342

R-sq.
(adj)
0.13

12

343

0.14

13

347

0.09

10

360

0.12

7

366

0.06

0
15

409
3477

0
0.13

11

3478

0.11

13

3481

0.12

15

3489

0.13

5
0

3593
3651

0.04
0

Species
Brownheaded
Cowbird

Moisture
Gradient Index
Latitude
Breeding
Precipitation
Pre-breeding
Precipitation
Vegetation Only
Conserved Soil
Moisture
Null

Model
LAT, S, NG, LATxNG
BP, S, VH, BPxVH, LM,
BPxLM
PBP, S, VH, PBPxVH, G,
PBPxG, DG, PBPxDG
S
CSM, S
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K
4
6

AIC
1457
1470

R-sq.
(adj)
0.03
0.01

8

1473

0.02

1
2

1479
1480

< 0.01
< 0.01

0

1483

0

Table 2.3 Vegetation variables from top songbird species models that influenced
abundance/occurrence. Variables in light grey represent associations that remained
constant along the moisture gradient and variables in dark grey represent changing
associations. The Moisture Gradient column represents which moisture gradient index
was used in the top model for each songbird species (LAT = Latitude, PBS = Prebreeding Season Precipitation, BS = Breeding Season Precipitation, and CSM =

CCSP

LAT

BRSP

LAT

VESP

PBS

LARB

BS

SAVS

BS

GRSP

PBS

BAIS

LAT

BOBO

CSM

WEME

CSM

BHCO

LAT

Visual
Obstruction

PBS

Litter Mass

MCLO

Vegetation
Height

LAT

Shrub

CCLO

Dead Grass

PBS

Percent
Native Grass

SPPI

Live Grass

LAT

Cow Pie

HOLA

Bare
Ground

Species*

Moisture
Gradient

Conserved Soil Moisture).

*HOLA = horned lark, SPPI = Sprague’s pipit, CCLO = chestnut-collared longspur,
MCLO = McCown’s longspur, CCSP = clay-colored sparrow, BRSP = Brewer’s
sparrow, VESP = vesper sparrow, LARB = lark bunting, SAVS = Savannah sparrow,
GRSP = grasshopper sparrow, BAIS = Baird’s sparrow, BOBO = bobolink, WEME =
western meadowlark, BHCO = brown-headed cowbird
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2.3.2.1 Horned Lark
The top horned lark model explaining variation in abundance included an
interactive effect between latitude and both litter mass and shrub cover (Table 2.2).
Abundance declined with litter mass throughout the latitude gradient, but was highly
variable and was not affected by litter mass at southern sites (Figure 2.5A). Horned lark
abundance decreased with shrub cover at southern sites, but this vegetation characteristic
had less effect at northern sites where horned larks were less common (Figure 2.5B). The
relationship between horned lark abundance and three vegetation variables remained
consistent throughout the study area. Abundance decreased with increasing dead grass
cover and visual obstruction and increased with vegetation height (Figure 2.5C-E).
2.3.2.2 Sprague’s Pipit
The top Sprague’s pipit model explaining variation in abundance included an
interactive effect between pre-breeding precipitation and each of shrub, bare ground, and
dead grass cover, and litter mass (Table 2.2). Peak abundance occurred at sites with low
bare ground cover, but this was most pronounced in areas with greater precipitation.
Sprague’s pipits were associated with slightly higher bare ground cover in areas with less
precipitation (Figure 2.6A). Dead grass cover had a variable effect on Sprague’s pipit
abundance throughout the pre-breeding precipitation gradient. In areas with lower
precipitation Sprague’s pipit abundance increased with dead grass cover and at sites with
intermediate precipitation peaked at 30% dead grass cover. With greater precipitation,
abundance decreased or was not affected by increasing amounts of dead grass cover
(Figure 2.6B). Pipit abundance increased with litter mass and peaked at sites between 80
and 240 g/m2 in drier areas and tended to decline or was not strongly affected by litter in
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Figure 2.5 Effect of vegetation variables on horned lark abundance along the latitude
gradient with 85% confidence intervals.
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Figure 2.6 Effect of vegetation variables on Sprague’s pipit abundance along the prebreeding precipitation gradient with 85% confidence intervals.

moister areas (Figure 2.6C). Pipit abundance decreased with shrub cover at intermediate
moisture levels, but otherwise shrubs had no strong relationship along the moisture
gradient (Figure 2.6D). The relationships between pipit abundance and five vegetation
variables did not change along the moisture gradient. Sprague’s pipit abundance declined
as visual obstruction increased, increased in the presence of native grass, and peaked at
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sites with 20% live grass cover (Figures 2.7A-C). Abundance also decreased with greater
cow-pie cover and increased with taller vegetation, but a large amount of uncertainty was
associated with upper values for both variables (Figures 2.7D-E).
2.3.2.3 Chestnut-collared Longspur
The top chestnut-collared longspur model explaining variation in abundance included an
interactive effect between latitude and shrub cover, litter mass, vegetation height, dead
grass cover, and percent native grass (Table 2.2). At southern sites, peak chestnutcollared abundance was associated with lower dead grass cover than at northern sites
(15% vs. 40%, respectively) (Figure 2.8A). Abundance decreased with litter mass or had
no relationship with litter mass at all latitudes (Figure 2.8B). Abundance increased with
greater native grass percentages at southern sites and was not affected by native grass
composition at northern sites (Figure 2.8C). At intermediate latitudes, abundance peaked
between 25 and 30% native grass; however, few chestnut-collared longspurs were
detected at sites with < 75% percent native grass. Shrub cover consistently had a
negative effect on abundance throughout the limited range where chestnut-collared
longspurs were detected; although, the relationship became weaker at the northernmost
sites where longspurs were detected (50.5°N) (Figure 2.8D). Chestnut-collared longspur
abundance was greatest at 10-15 cm vegetation height, except at northern sites where
few longspur detections were made (Figure 2.8E). The relationships between chestnutcollared longspur abundance and two vegetation variables did not change along the
moisture gradient. Chestnut-collared longspur abundance increased with bare ground
cover and peaked at approximately 20% live grass cover (Figures 2.9A-B).
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Figure 2.7 Associations between Sprague’s pipit abundance and vegetation variables not
influenced by the moisture gradient with 85% confidence intervals.
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Figure 2.8 Effect of vegetation variables on chestnut-collared longspur abundance along the latitude gradient with 85% confidence
intervals.
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Figure 2.9 Associations between chestnut-collared longspur abundance and vegetation
variables not influenced by the moisture gradient with 85% confidence intervals.

2.3.2.4 McCown’s Longspur
The top McCown’s longspur model explaining variation in occurrence included the
interactive effects between pre-breeding precipitation and both dead grass cover and
visual obstruction (Table 2.2). Probability of occurrence tended to be greatest at sites
with 10% dead grass when precipitation was low or had a weak effect at moderate or
high precipitation values (Figure 2.10A). Occurrence dropped drastically with visual
obstruction at wet and dry sites, but was not affected by visual obstruction at sites with
intermediate precipitation (Figure 2.10B). The relationship between McCown’s longspur
occurrence and bare ground cover did not change along the moisture gradient and
occurrence increased with bare ground cover, peaking near 65% cover (Figure 2.10C).
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Figure 2.10 Associations between McCown’s longspur occurrence and vegetation
variables along the pre-breeding precipitation gradient with 85% confidence intervals.

2.3.2.5 Clay-colored Sparrow
The top clay-colored sparrow model explaining variation in abundance included an
interactive effect between latitude and each of visual obstruction, percent native grass,
and dead grass cover (Table 2.2). Dead grass cover had a variable effect on clay-colored
sparrow abundance at different latitudes. Abundance peaked near 25% dead grass cover
at southern sites and increased with dead grass at northern sites. At mid-latitudes
abundance decreased with dead grass cover, but this decrease was much more
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pronounced near 20% cover (Figure 2.11A). Percent native grass had a weak effect on
clay-colored sparrow at southern sites, but abundance gradually increased with native
grass at northern sites (Figure 2.11B). Abundance peaked around 20 cm VOR throughout
the north-south gradient, but this relationship was more variable at higher latitudes
(Figure 2.11C). The relationship between clay-colored sparrow abundance and four
vegetation variables remained consistent throughout the entire study area. Abundance
declined as bare ground cover and litter mass increased and abundance increased with
shrub and cow-pie cover (Figure 2.11D-G).
2.3.2.6 Brewer’s Sparrow
The top Brewer’s sparrow model explaining variation in occurrence was
influenced by latitude and vegetation variables, but did not contain any interactive
effects (Table 2.2). The highest probability of Brewer’s sparrow occurrence was
predicted at 0.6% cow-pie cover and 12% dead grass cover and increased with
vegetation height throughout the study area; however all relationships were weak and
highly variable (Figure 2.12A-C).

57

A

D

B

E

C

F

G

Figure 2.11 Effect of vegetation variables on clay-colored sparrow abundance along the latitude gradient with 85% confidence
intervals.
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Figure 2.12 Effect of vegetation variables on Brewer’s sparrow occurrence with 85%
confidence intervals.

2.3.2.7 Vesper Sparrow
The top vesper sparrow model explaining variation in abundance included an
interactive effect between pre-breeding precipitation and dead grass cover (Table 2.2).
Vesper sparrow abundance peaked near 15% dead grass cover at drier sites and tended to
decrease with increasing dead grass in wetter areas (Figure 2.13A). The relationships
between vesper sparrow abundance and four vegetation variables were not influenced by
pre-breeding precipitation, although the relationship was weak for litter mass and shrub
cover (Figure 2.13B-C). Abundance declined with vegetation height and live grass cover
(Figure 2.13D-E).
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Figure 2.13 Associations between vesper sparrow abundance and vegetation variables
along the pre-breeding precipitation gradient with 85% confidence intervals.

2.3.2.8 Lark Bunting
The top lark bunting model explaining variation in occurrence was influenced by
breeding precipitation and vegetation variables, but did not contain any interactive
effects (Table 2.2). Occurrence decreased with increasing VOR and increased with bare
ground and shrub cover throughout the study area, but there was considerable variability
at higher values of bare ground and shrub cover (Figure 2.14A-C).
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Figure 2.14 Effect of vegetation variables on lark bunting occurrence with 85%
confidence intervals.

2.3.2.9 Savannah Sparrow
The top Savannah sparrow model explaining variation in abundance included an
interactive effect between breeding precipitation and litter mass (Table 2.2). Savannah
sparrow abundance increased with litter mass irrespective of the moisture gradient, but
there was a greater amount of change at low litter values in moister conditions (Figure
2.15A). The relationship between Savannah sparrow abundance and four vegetation
variables did not change along the moisture gradient. Abundance decreased as bare
ground cover increased and abundance increased with visual obstruction (Figure 2.15BC). Abundance peaked at sites with 50% dead grass and 15 cm vegetation height (Figure
2.15D-E).
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Figure 2.15 Associations between Savannah sparrow abundance and vegetation
variables along the breeding precipitation gradient with 85% confidence intervals.

2.3.2.10 Grasshopper Sparrow
The top grasshopper sparrow model explaining variation in abundance included an
interactive effect between pre-breeding precipitation and each of vegetation height,
visual obstruction, and percent native grass (Table 2.2). Grasshopper sparrow abundance
peaked near 70% native grass in drier areas and 100% native grass in wetter areas, but
was highly variable at moderate moisture levels (Figure 2.16A). Abundance exhibited a
distinct peak near 25-30 cm vegetation height at sites with intermediate precipitation and
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Figure 2.16 Associations between grasshopper sparrow abundance and vegetation characteristics along the pre-breeding precipitation
gradient with 85% confidence intervals.
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for drier and wetter sites abundance increased with vegetation height up to 25-30 cm
and then became highly variable (Figure 2.16B). Abundance declined with VOR up to
10 cm at drier sites and had little effect at wetter sites (Figure 2.16C). The relationship
between grasshopper sparrow abundance and four vegetation variables did not change
along the moisture gradient. Grasshopper sparrow abundance peaked between 25-35%
bare ground cover, 20-30% live grass cover, and declined with dead grass and shrub
cover (Figure 2.16D-G).
2.3.2.11 Baird’s Sparrow
The top Baird’s sparrow model explaining variation in abundance included an
interactive effect between latitude and shrub cover, vegetation height, percent native
grass, and live grass cover (Table 2.2). Baird’s sparrow abundance was greatest around
15% live grass cover in southern areas but tended to be lowest at more northerly sites
with this cover amount (Figure 2.17A). Percent native grass was included in the top
model, but did not appear to have a strong relationship with Baird’s sparrow abundance
(Figure 2.17B). Baird’s sparrow abundance decreased with shrub cover throughout the
north-south gradient but had the strongest effect at southernmost and northernmost sites
(Figure 2.17C). Abundance tended to peak at taller vegetation heights at southern sites,
although less than 2.5% of Baird’s sparrow detections occurred at vegetation heights of
30 cm or taller and a large amount of uncertainty was associated with abundance values
at taller vegetation heights. Peak abundance occurred at 20 cm vegetation height at
intermediate sites, and there was no strong relationship in northern sites (Figure 2.17D).
The relationship between Baird’s sparrow abundance and five vegetation variables were
not influenced by latitude. Baird’s sparrow abundance was highest on sites with 10 cm
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VOR and 40% dead grass cover (Figure 2.18A-B). Baird’s sparrow abundance decreased
with cow-pie and bare ground cover (Figures 2.18C-D). Abundance also decreased with
greater litter mass but was a weak association (Figure 2.18E).
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Figure 2.17 Effect of vegetation variables on Baird’s sparrow abundance along the
latitude gradient with 85% confidence intervals.
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Figure 2.18 Associations between Baird’s sparrow abundance and vegetation variables
not influenced by the latitude gradient with 85% confidence intervals.

2.3.2.12 Bobolink
The top bobolink model explaining variation in occurrence included the interactive
effects between CSM and both bare ground cover and dead grass cover (Table 2.2).
Occurrence increased in the presence of both vegetation variables at drier sites but at
wetter sites occurrence decreased with dead grass cover and had no relationship with
bare ground cover (Figure 2.19A-B). The relationship between bobolink occurrence and
vegetation height did not change along the moisture gradient and probability of
occurrence peaked at a vegetation height between 25-30 cm (Figure 2.19C). Bobolink
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occurrence increased with live grass cover and visual obstruction, but relationships were
highly variable at larger values (Figure 2.19D-E).
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Figure 2.19 Associations between bobolink occurrence and vegetation variables along
the conserved soil moisture gradient with 85% confidence intervals.
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2.3.2.13 Western Meadowlark
The most parsimonious western meadowlark model explaining variation in
abundance included an interactive effect between CSM and litter mass, percent native
grass, and vegetation height (Table 2.2). Western meadowlark abundance decreased as
litter mass increased at drier sites and peaked between 50 and 75 g/m2 at wetter sites
(Figure 2.20A). Abundance declined with increasing amounts of native grass at sites
with intermediate precipitation, but there was no strong relationship between abundance
and percent native grass at dry and wet sites (Figure 2.20B). Abundance increased with
vegetation height at wetter sites, but was not strongly affected by vegetation height at
drier sites (Figure 2.20C).Western meadowlark abundance declined with bare ground
cover, visual obstruction and shrub cover throughout the study area but the relationship
with shrub cover was much weaker (Figure 2.20D-F).
2.3.2.14 Brown-headed Cowbird
The top brown-headed cowbird model explaining variation in abundance included
an interactive effect between latitude and percent native grass (Table 2.2). Abundance
decreased with percent native grass at southern sites, but was not strongly influenced at
higher latitudes (Figure 2.21A). Brown-headed cowbird abundance was greatest near 2540% shrub cover throughout the study area (Figure 2.21B).
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Figure 2.20 Effect of vegetation variables on western meadowlark abundance along the
breeding precipitation gradient with 85% confidence intervals.
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Figure 2.21 Effect of vegetation variables on brown-headed cowbird abundance along
the latitude gradient with 85% confidence intervals.

2.4 DISCUSSION
Relationships between vegetation structure and grassland songbird abundance and
occurrence varied within and among species across southwest Saskatchewan. My results
support the hypothesis that selection pressures influencing habitat use by grassland
songbirds in native rangeland vary geographically and along a moisture gradient,
however the strength of this relationship varied among species and the vegetation
variables I examined. I found that the relationships between bird abundance/occurrence
and at least one measure of vegetation structure varied along a moisture gradient for 12
of the 14 songbird species. Changes in the relationships between bird
abundance/occurrence and vegetation characteristics along the moisture gradient were
likely the result of indirect effects, such as changes in vegetation structure, plant species
composition, and prey abundance along the gradient, rather than moisture having a direct
effect on the birds themselves (Kendeigh & Fawver 1981, Lipsey & Naugle 2017).
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Although I observed variability in the associations between bird abundance/occurrence
and certain vegetation characteristics along a moisture gradient, associations with many
vegetation characteristics remained constant throughout the study area for some species.
In some cases, changes in the relationships between bird abundance/occurrence along the
moisture gradient were weak and relationships remained fairly consistent throughout the
study. It appears there is variability in how songbirds respond to vegetation
characteristics along the moisture gradient, but only for certain vegetation characteristics
and for certain songbird species.
Moisture influences grassland songbird densities and has been linked to annual
variation in bird populations (Wiens 1974, Igl & Johnson 1999, Niemuth et al. 2008).
Precipitation has direct effects on songbird recruitment and productivity and indirectly
influences vegetation structure and composition and food availability (Niemuth et al.
2008). Average annual precipitation increases from the Mixed Grassland to the Aspen
Parkland ecoregion (Ecological Stratification Working Group 1995). Based on climate
normals from 30 year annual precipitation averages at Environment Canada weather
stations (Government of Canada 2018), the moisture gradient in my study area increases
from southwest (driest) to northeast (wettest). However, precipitation data during the two
years of my study was highly variable throughout the study area and did not reflect this
southwest to northeast gradient (Appendix A-6). Variation in rainfall has previously been
noted to fluctuate annually and across grassland types (Wiens 1974).
The variability in precipitation that I observed for three of my moisture gradient
indices may have influenced which moisture gradients had the strongest interactions with
vegetation. Latitude provided the best representation of historic moisture gradient trends
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and models that included interactions between latitude and vegetation variables were the
top-ranked models for five of 12 species influenced by the moisture gradient. Previous
research using geographic trends to explain caribou (Rangifer tarandus) habitat selection
also provided the best model fit, and climatic factors alone failed to adequately explain
caribou movements (Beguin et al. 2013). I found that models containing interactions
between pre-breeding precipitation and vegetation characteristics were the highest
ranked for four grassland songbird species. Precipitation prior to the breeding season has
previously been found to have important influences on grassland songbirds (Niemuth et
al. 2008, Lipsey & Naugle 2017) and has a direct impact on the vegetative conditions
present when birds arrive on their breeding grounds (Wiens 1969). Precipitation during
the breeding season may have less influence on songbird associations with vegetation
because the birds have already established their territories by this time. Savannah
sparrow was the only species with a top-ranked model containing interactions between
breeding precipitation and vegetation variables. The top-ranked model for bobolink
occurrence and western meadowlark abundance contained interactions with CSM.
Winter et al. (2005) found that models that included CSM predicted bobolink density
better than a vegetation-only model, but also found that CSM did not influence claycolored or savannah sparrow density. Conserved soil moisture has also been found to
influence waterfowl density and species richness (Boyd 1981, Bethke & Nudds 1993).
All four moisture gradient indices influenced vegetation structure throughout my
study area, but most relationships between moisture and vegetation characteristics were
highly variable and had wide confidence intervals. Latitude was the only index that was
consistently associated with many of the vegetation characteristics along the moisture
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gradient. The associations between vegetation characteristics and the other three
moisture gradient indices were difficult to interpret for some vegetation variables,
although patterns were evident for certain vegetation characteristics. The relationship
between CSM and vegetation variables was the most unpredictable and appeared to be
associated only with dead grass cover. The latter three moisture gradients were based on
weather station data from the previous two years. Therefore, the lack of associations
between these three moisture gradients and vegetation characteristics is likely due to the
high amount of annual and spatial variability in precipitation I observed throughout the
study area. Furthermore, for some sites, the nearest weather station was up to 86 km
away and precipitation during storm events can vary dramatically over these distances.
Relationships between songbirds and vegetation structure along the moisture
gradient had consistent patterns, regardless of which moisture index was used. Songbirds
tended be associated with greater amounts of live and dead grass cover, vegetation
height, litter mass, and visual obstruction in drier areas along the moisture gradient and
were associated with either lower values or showed no response to these vegetation
characteristic at wetter sites. Each of these vegetation characteristics are measures of
vertical and horizontal structure. Species may be restricted to sites with greater vertical
and horizontal structure to satisfy their overall cover requirements in drier areas where
grasslands are typically more open and less cover is available. Lower availability in
overall cover may result in a greater reliance of songbirds to any existing form of cover,
regardless of type. Associations with lower values of vegetation characteristics at wetter
sites could be the result of higher overall cover in these areas, which may exist beyond
the upper limits for these songbirds. This would make areas with relatively less cover for
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each vegetation characteristic (such as grazed patches) more desirable while still meeting
a species’ overall cover requirements. Even though relationships with many vegetation
characteristics switched from positive to negative along the moisture gradient, absolute
values for vegetation characteristics where peak abundance/occurrence existed did
appear to remain constant for most species (see Appendix A-7).
The availability of specific vegetation conditions along the moisture gradient
appeared to explain changes in associations between songbirds and vegetation
characteristics that were not measures of horizontal or vertical structure, such as percent
native grass (i.e., percentage of total grass cover that is native) and bare ground cover.
Changes in associations between songbirds and vegetation characteristics that did not
represent horizontal or vertical structure were also less common than associations with
other vegetation characteristics. Sprague’s pipit and bobolink were associated with bare
ground cover and grasshopper sparrows were associated with percent native grass based
on availability (i.e. abundance increased or decreased as these variables increased or
decreased). Associations between songbirds and percent native grass must be interpreted
with caution because I intentionally selected native grassland sites and few point-count
areas contained < 75% native grass. The remaining vegetation structure characteristics
(cow-pie and shrub cover) showed no distinct differences in how grassland songbirds
responded to them along the moisture gradient. Unlike cow-pie cover, shrubs do provide
horizontal and vertical structure, but this form of cover is typically avoided by many
grassland songbirds (Grant et al. 2004). A natural avoidance of shrubs might explain
why I didn’t observe the same shift in associations that occurred for other structural
variables.
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Variability in vegetation associations between regions has previously been reported
for clay-colored sparrow and bobolink by Winter et al. (2005), who found both species
had at least one top model containing an interaction between region and a vegetation
variable. Changes in habitat associations have also been reported for warbler species in
forested habitats (e.g., Collins 1983a, Collins 1983b, Boves et al. 2013), ptarmigan in
tundra habitats (Elrich et al. 2012), and owls in desert scrub (Flesch & Steidl 2010).
Geographic variation in resource availability is often higher within bird territories than at
nest sites (Flesch & Steidl 2010, Boves et al. 2013), which might signify that changes in
associations between birds and vegetation characteristics are more likely to occur at the
territory level. Variability in the importance of individual habitat characteristics was
observed within Cerulean warbler (Setophaga cerulea) territories between regions of the
Appalachian Mountains (Boves et al. 2013). Responses to habitat characteristics in
black-throated green warbler (Setophaga virens) territories also varied between regions
and were influenced by gradients of structural characteristics and tree type (Collins
1983a).
Most studies that have reported variations in habitat associations across
environmental gradients or between regions were conducted in forested or shrub habitats.
Several studies have also been conducted on changes in habitat selection patterns among
ungulate species (e.g., Osko et al. 2004, Fortin et al. 2008, Beguin et al. 2013). Beguin et
al. (2013) found that habitat models that combined the effects of latitude and longitude
with variables important to winter habitat selection of caribou performed better than
models depicting homogenous habitat selection throughout the study region. Fortin et al.
(2008) also found that caribou responded to spatial gradients and exhibited a change in
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landscape selection along both latitudinal and longitudinal axes in response to changes in
the availability of habitat attributes and geographical processes such as climate.
The shifts in songbird-vegetation associations that I observed appear to be related
to changes in vegetation characteristics along the moisture gradient. However, without
specifically testing how availability of conditions (i.e., changes in amounts of each
vegetation characteristic along the moisture gradient) influenced my results I can neither
confirm nor rule out its effect. I found that species abundance or occurrence was often
greater in response to increased values of cover measures (e.g., VOR, vegetation height,
live and dead grass cover) at drier sites where overall cover was less, but as moisture and
overall cover increased, species were associated with decreased optimal cover (i.e. point
of peak abundance/occurrence). Boves et al. (2013) also found differences in Cerulean
warbler associations with vegetation structure between regions, which were partly
explained by differences in the availability of these vegetation characteristics between
areas. Warblers in regions with lower forest cover established territories associated with
greater basal area and overstory cover typical of closed-canopy, undisturbed forest. In
areas with higher forest cover birds were associated with lower basal area, greater
understory cover, and greater proximity to canopy gaps, which occurred at sites typically
influenced by disturbance (e.g., fire, blow-downs, landslides); interestingly, absolute
values for habitat variables in the two forest cover types still differed (Boves et al. 2013).
Ehrich et al. (2012) found that willow ptarmigans (Lagopus lagopus) use greater willow
cover in regions containing less willow cover but the importance of willows decreases in
other regions with increasing extent of willow thickets. Other authors have also reported
changes in habitat associations based on changes in the availability of habitat conditions
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(Collins 1983b, Boyce & McDonald 1999, Osko et al. 2004). In contrast, Fortin et al.
(2008) demonstrated that the spatial variation in landscape selection by caribou could not
be attributed solely to differences in habitat availability, and was at least partially linked
to geographical gradients.
Habitat associations are also likely to change with species density based on the
ideal free distribution hypothesis (Fretwell & Lucas 1969). Species may settle in the
habitat that is most suitable to them, but as densities increase, suitability in that habitat
decreases to the point where a secondary, less suitable habitat has equal value (Fretwell
& Lucas 1969). Ideal free distribution is typically used to explain species distributions
across distinct habitat types, but the same principles likely apply to environmental
gradients. For example, the ideal free distribution appears to explain American redstart
(Setophaga ruticilla) densities along a successional gradient in New Hampshire (Hunt
1996). Another possible explanation for the observed shift in songbird habitat
associations along the moisture gradient in my study could be based on how we, as
researchers, perceive habitat versus how birds select habitat (Wiens 1969). We simply
may be overlooking variables important in territory selection, or not accounting for
subtle patterns of structural similarities at finer scales that appear different to us at larger
spatial scales (e.g., forest types) (Collins 1983a, Collins 1983b). Changes in species’
habitat associations may also be the result of factors independent of vegetation
characteristics. Flesch and Steidl (2010) found that the orientation of nest cavities used
by ferruginous pygmy-owls (Glaucidium brasilianum) shifted from west-facing to northfacing along an east-west gradient. They argued that this was a response to the
simultaneous increase in summer temperatures across the same area and not caused by
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vegetation-related factors or availability. Variability in habitat use could also be caused
by irregular food resources (Collins 1983a) and competitive exclusion (Terborgh 1971,
Terborgh & Weske 1975), although both are believed to have less influence in temperate
regions where habitats are less likely to be saturated with species (Wiens 1969, Able &
Noon 1976, Collins et al. 1982).
Although the relationship between songbird abundance and vegetation structure
appeared to be influenced by the moisture gradient in my study, a majority of vegetation
variables I measured had a consistent relationship with bird abundance along the
moisture gradient. Vegetation characteristics that show no change in associations with
bird abundance/occurrence do not necessarily indicate that a potential shift in response is
not possible. Instead it may be possible that the breadth of the environmental gradient
was not wide enough to detect these shifts (Bond 1957). Livestock grazing is one reason
why grassland songbirds may not have altered their response to most vegetation
characteristics when coping with changing conditions along the moisture gradient.
Grazing has a secondary influence on vegetation along the moisture gradient, potentially
creating structurally similar grassland patches throughout (Lipsey & Naugle 2017). I
found little evidence that vegetation characteristics were strongly influenced by the
moisture gradients, but all vegetation characteristics were influenced by the latitude
gradient. Relationships between vegetation and the moisture gradient may have been
more evident if cattle grazing had not occurred. Songbirds might not need to be overly
flexible in their habitat usage or change their associations based on available conditions,
because similar conditions created by grazing persisted throughout the moisture gradient
and because songbirds are highly mobile and can seek these areas out. Livestock grazing
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may also be the reason why I was unable to detect upper and lower limits to vegetation
characteristics for most species because it created similar conditions throughout the
moisture gradient in my study area. However, there were distinct northern limits in the
ranges of songbird species occupying short, sparse grasslands at the southern extent of
the study area (e.g., McCown’s longspur, chestnut-collared longspur). Interestingly
enough, I did not observe southern limits for any of the target species that may prefer
tall, dense grasslands, which would suggest that my study area did not contain species
adapted specifically to conditions at the tallest, densest extreme or conditions along the
moisture gradient were not variable enough to produce lower limits to these vegetation
characteristics.
Lark bunting and Brewer’s sparrow were the only two species where the effects of
vegetation characteristics on bird occurrence did not change throughout the moisture
gradient. However, both species were restricted to the southern extent of the moisture
gradient and occurred in low numbers. Savannah sparrow and brown-headed cowbird
were associated with one vegetation variable that interacted with the moisture gradient,
but the direction of these relationships appeared to remain consistent throughout the
gradient. Relatively few vegetation characteristics were strongly associated with the
abundance/occurrence of lark buntings, brown-headed cowbirds, and Savannah
sparrows, so lack of shifts in associations along the moisture gradient is not surprising.
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2.5 CONCLUSIONS AND MANAGEMENT IMPLICATIONS
I found that the relationship between grassland songbird abundance and certain
vegetation characteristics changed along the moisture gradient, but associations with
many vegetation characteristics remained consistent throughout the study area. The
number of, and the specific vegetation associations that were influenced by the moisture
gradient varied widely among songbird species. Although the top models for many
species included an interactive effect between vegetation structure and moisture gradient,
the shift in these relationships was often weak, or the direction of relationships (i.e.,
positive vs. negative) remained consistent throughout the study area. However when
changes in associations did occur, optimal vegetation conditions that promoted peak
songbird abundance or occurrence and represented horizontal and vertical structure
tended to shift from higher values for vegetation characteristics at dry sites to lower
values for vegetation characteristics at wet sites. Grassland songbirds may be locating
territories in areas with above-average cover at drier sites to compensate for overall
sparser vegetation and less biomass production in these areas. In wetter areas with
greater biomass production, too much overall cover may exist, encouraging birds to
select sites at the lower end of the cover spectrum. Species with changing associations to
bare ground cover and percent native grass along the moisture gradient appeared to
respond based on the availability of these vegetation characteristics (i.e. increase or
decrease with increasing or decreasing availability).
Livestock grazing likely influenced the lack of associations between vegetation
and moisture gradients that were based on precipitation data. The effect of grazing on
vegetation cover and birds can be influenced by precipitation. In wet conditions, grazing
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can increase the suitability of an area for species that otherwise would be unable to
tolerate greater levels of cover (Lipsey & Naugle 2017). Grazing may have created
similar grassland patches throughout the moisture gradient and could explain why I
observed relatively few changes in associations between songbirds and vegetation
variables along the moisture gradient or why most species were detected throughout the
study area. The effects of grazing must also be considered when making inferences about
the bird-vegetation associations that did change along the moisture gradient. In many
cases the natural variability inherit to grazing, may be greater than the variability in
habitat associations of songbirds across the moisture gradient (Winter et al. 2005).
I found that grassland songbirds were distributed across a broad continuum in
vegetation structure created by moisture and livestock grazing, which is consistent with
previous studies (Madden et al. 2000, Lipsey & Naugle 2017). Many species overlapped
in regards to the grassland conditions they occupied; however, each had its own unique
set of vegetation variables that were important for predicting abundance or occurrence
along the moisture gradient, similar to what has previously been described by Bond
(1957) and Terborgh (1971). The vegetation requirements of each species is important
when prescribing management recommendations because actions designed to benefit a
single target species could have negative effects on other species. It is important to
consider the status of the species that management is intended to target and ensure these
actions are not in opposition with management plans for other species or impact a
species of higher conservation priority. A multi-species approach to conservation is
difficult to achieve with such a wide range of species requirements. However, it is the
best form of management at higher spatial scales where it is necessary to maintain a
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complete mosaic of habitat conditions to satisfy the requirements of an entire bird
community (Karr & Freemark 1983).
Even at the species level one must also address important habitat variables
collectively and not focus attention on one or two variables that are easy to manipulate or
achieve target values for. My results make this evident. In some instances the results
from the univariate portion of my analyses varied noticeably from the final models
developed for each species. For example, Sprague’s pipit had a negative association with
visual obstruction, and if all other vegetation variables were ignored this would suggest
that pipits abundance peaked in very open, sparse grasslands near 0 cm VOR. However,
previous research has shown that pipits prefer areas with moderate amounts of cover
(Davis et al. 1999, Madden et al. 2000, Henderson & Davis 2014) and consideration of
my univariate results shows that pipits peak in abundance near 6 cm VOR. Consideration
of the entire suite of variables important to Sprague’s pipits (e.g., vegetation height and
dead grass cover) shows that visual obstruction has a negative overall effect on
abundance, but VOR’s would never exist at low or very low ends of the spectrum if
optimal values for these other variables were achieved simultaneously. Instead we must
gain a better understanding of how management actions influence habitat conditions
collectively, so all of a species’ requirements are met.
Understanding how grassland songbird associations with vegetation characteristics
vary along moisture gradients can help inform researchers about how songbirds may
respond to future changes in climate. Climate change is predicted to cause greater annual
variability in temperature and precipitation, and seasonal and spatial shifts in
precipitation patterns (Groisman et al. 1999, Easterling et al. 2000). Habitat
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characteristics that are influenced by temperature and precipitation such as vegetation
structure will also shift due to climate change, causing shifts in species’ geographic
ranges as well as range expansions or contractions (Parmesan & Yohe 2003, Virkkala et
al. 2008, Zuckerberg et al. 2009).
My results reflect grassland songbird associations to vegetation characteristics
along a moisture gradient and reveal that although vegetation conditions throughout the
moisture gradient can be highly variable, many associations between birds and
vegetation remain consistent. The consistent associations between birds and vegetation
along the moisture gradient suggest that most management actions directed towards
grassland songbirds would have similar effects throughout the study area. However,
changes in bird-vegetation associations were observed along the moisture gradient and
must not be overlooked. Management targets involving grassland characteristics that
represent horizontal and vertical structure are the most likely to change along the
moisture gradient. Understanding how the relationships between grassland songbirds and
vegetation characteristics change within a highly variable landscape is beneficial to land
managers because moisture gradients are beyond human control but must be factored
into conservation planning. Before any practical applications are made based on these
results the scale at which both my project was conducted and the intended use of the
results must be considered. Other studies have found that habitat models designed at
large scales or over multiple regions tend to provide weaker descriptions of habitat
associations than models designed for smaller, more local areas. However, there appears
to be a trade-off as the predictive capability of models targeting specific localities is
often low or entirely incorrect when applied to other areas or at larger scales (Collins
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1983, Whittingham et al. 2007, Bamford et al. 2009). Accounting for changes in habitat
selection along environmental gradients may help to overcome the lack of transferability
of local studies and aid in the management of species over broad areas (Fortin et al.
2008).
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3.0 GREATER SAGE-GROUSE: A POTENTIAL UMBRELLA SPECIES FOR
GRASSLAND SONGBIRDS AT THE NORTHERN LIMITS OF ITS RANGE?

3.1 INTRODUCTION
Grassland bird habitat is influenced by variation in soil, topography, moisture, and
disturbances, such as grazing and fire. Subsequently, grassland songbirds have evolved
to inhabit a wide range of grassland vegetation communities, covers, heights and
densities (Wiens 1969, Madden et al. 2000). Successful management of grassland
songbird habitat must take into account these diverse habitat affinities, as well as the
habitat associations of other wildlife species of conservation concern (Vickery et al.
2000). Depending on the target species, management may focus on promoting grassland
vegetation types that range from tall and dense to short and sparse (Wiens 1969, Madden
et al. 2000). In some instances management prescriptions implemented for one species
can potentially have negative impacts on others. Such issues have arisen in the Florida
everglades when managing opposing habitat requirements for snail kites (Rostrhamus
sociabilis) and wood storks (Mycteria americana) (Simberloff 1998), and eastern
Ontario when considering the effects of cerulean warbler (Setophaga cerulea)
management on golden-winged warblers (Vermivora chrysoptera) (Jones et al. 2004).
One popular approach for conserving multiple species in a given region is to
identify one or more umbrella species. This is based on the assumption that offering
strategic protection to a subset of species will provide a “protective umbrella” for other
co-occurring species (Fleishman et al. 2001). Similar single-species approaches that use
a small number of focal or surrogate species for the broader protection of regional biota
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include indicator, flagship, and keystone species concepts (Simberloff 1998, Caro &
O’Doherty 1999). The umbrella species concept was designed to maximize conservation
efforts in situations with minimal financial commitments to research and monitoring in
areas where only a limited number of sites can be protected (Fleishman et al. 2000,
Andelman & Fagan 2000). The primary assumption of the umbrella species approach is
that the habitat requirements necessary to sustain a viable population are large and
variable enough to encompass the habitat requirements of numerous co-occurring species
(Caro & O’Doherty 1999, Seddon & Leech 2008). Characteristics of a potential umbrella
species include a well-known biology, high detectability, broad geographic range, high
probability of persistence, and some degree of rarity and sensitivity to human
disturbance (Rich & Altman 2001, Rowland et al. 2006, Seddon & Leech 2008).
Effective umbrella species should not be rare to the point that they are unlikely to cooccur with many other species, but also not so ubiquitous on the landscape that it
becomes difficult to determine which occupied areas would be suitable for protecting
other sympatric species (Fleishman et al. 2001). Umbrella species should also be
moderately sensitive to human disturbance, so that they provide protection to sympatric
species that are equally or less sensitive to human activities (Fleishman et al. 2000).
Examples of proposed umbrella species include the spotted owl (Strix occidentalis) in
old-growth rainforest of the Pacific Northwest region, the red-cockaded woodpecker
(Picoides borealis) in mature long-leaf pine forests of the southeastern U.S., and the
Florida black bear (Ursus americanus floridanus) (Simberloff 1998). All three species
were selected as the focus of single-species conservation on the basis that they represent
high conservation priorities due to their population status and because they are
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charismatic in the public’s eye, but not based on criteria that are believed to represent
effective umbrella species.
A lack of awareness or willingness to use objective criteria for identifying
umbrella species has meant that the effectiveness of proposed umbrella species remains
largely conceptual and poorly tested. Many empirical studies suggest that conserving
umbrella species only offers limited protection to a small subset of co-occurring species
(Berger 1997, Hitt & Frissell 2004, Rowland et al. 2006). In some studies, management
of randomly selected species performed at least as well as management of selected
umbrella species for protecting other taxa (Andelman & Fagan 2000, Bonn et al. 2002).
Only a handful of studies have been able to successfully validate the usefulness of the
umbrella species concept (e.g., Fleishman et al. 2001, Caro 2003, Jones et al. 2004).
Fleishman et al. (2001) found that conserving 10-25% of the sites occupied by a
selection of umbrella species would protect at least one occurrence of approximately
80% of co-occurring species. No one focal species or taxonomic group has been justified
as being capable of carrying the full load as a surrogate for conservation planning
(Fleishman et al. 2001), yet the umbrella species concept appears to be the most relevant
when a suite of species is selected to represent a broader range of the habitat
requirements for an existing biotic community (Lambeck 1997, Rowland et al. 2006). It
is unlikely that conservation agencies will have the resources to focus management
equally towards all species, but decisions often cannot be postponed until more data are
gathered (Andelman & Fagan 2000). Therefore, approaches such as the umbrella species
concept remain popular because they are believed to maximize conservation efficiency.
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However, more research is required to understand the effectiveness of an umbrella
species approach to conservation.
One species that has received considerable attention as a potential umbrella species
is the greater sage-grouse (Centrocercus urophasianus, hereafter sage-grouse). Sagegrouse possess several traits that may make them a useful umbrella species; their habitat
requirements are well known, they require large expanses of habitat with diverse
understories of native grasses and forbs, and they are highly sensitive to human
disturbance. Furthermore, because of low population numbers, they are likely to receive
intensive management (Braun 2005, Rich et al. 2005). Sage-grouse are considered
sagebrush obligates and co-occur with many other sagebrush species, such as sagebrush
sparrow (Artemisiospiza nevadensis), Brewer’s sparrow (Spizella breweri), and sage
thrasher (Oreoscoptes montanus) (Rich & Altman 2001). Rowland et al. (2006)
examined the sage-grouse’s potential as an umbrella species for 39 sagebrush species
and found that only a small proportion would benefit directly from the conservation and
restoration of sage-grouse habitats. Many of the species that demonstrated a positive
association with sage-grouse habitats were other sagebrush obligates and most were bird
species.
Although current conservation efforts emphasize the protection of biodiversity
(Bonn et al. 2002), one of the primary focal species in southwest Saskatchewan is the
sage-grouse. Sage-grouse are currently a conservation priority due to a contraction of
their geographic range and steep population declines. In Canada, the sage-grouse’s range
has been reduced to 7% of its historical extent and populations have declined by 82-92%
in less than two decades (Environment Canada 2014). Sage-grouse are listed as
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endangered under the federal Species at Risk Act (SARA) and provincially under
Saskatchewan’s Wildlife Act (Environment Canada 2014). One condition of SARA is
that critical habitat must be identified for all species at risk in Action Plans and Recovery
Strategies. Critical habitat is defined as habitat that is necessary for the survival and
recovery of a listed wildlife species based on biophysical attributes such as topography,
soil and vegetation characteristics (Environment Canada 2015). Critical habitat was
delineated in Canada for the sage-grouse using a predictive occurrence-based model
relating nest and lek locations to habitat variables in Alberta (Aldridge 2005, Aldridge &
Boyce 2007, Carpenter et al. 2010), then modified to increase its geographic extent.
Year-round critical habitat used by sage-grouse for nesting, brood-rearing and
overwintering in Saskatchewan is characterized by two or more of the following
biophysical attributes: 1) moderate shrub cover, typically silver sagebrush (Artemisia
cana) with a patchy distribution, 2) limited amounts of bare ground, 3) moderately moist
habitats (under average weather conditions), 4) limited amounts of lush green vegetation,
and 5) adequate availability of prey (insects) and forage (forbs) (Environment Canada
2014).
When considering broad-scale conservation measures for a single species it is
important to understand how outcomes directed towards one or a few species will impact
other non-target species upon the landscape (Peterjohn 2003). Sage-grouse rely on
sagebrush for food and cover, as well as on the associated grassland landscape
(Schroeder et al. 1999, Connelly et al. 2000); and both ecosystems support a wide variety
of additional plant and animal species (Braun 2005, Environment Canada 2014). A
multi-species at risk action plan designed for southwestern Saskatchewan reported that
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sage-grouse critical habitat overlaps with 58% of the critical habitat for Sprague’s pipit
(Anthus spragueii), and 12% of the important habitat for McCown’s longspur
(Rhynchophanes mccownii) (Environment Canada 2015). Other songbird species that
were found to have a large degree of overlap in habitat requirements in comparison to
sage-grouse include Brewer’s and vesper sparrows (Pooecetes gramineus) and western
meadowlark (Sturnella neglecta) (Rich and Altman 2001, Rich et al. 2005). The Bird
Conservation Strategy for the Prairie Pothole Region (Environment Canada 2013) also
identified 28 priority bird species associated with shrub and early successional habitat,
and the habitat requirements of these species could potentially be affected by sagegrouse habitat management. Understanding the extent to which species co-occur will
help with determining the feasibility of designing management strategies for multiple
priority species (Rich et al. 2005).
Sage-grouse management is believed to demonstrate a strong positive effect on
sagebrush obligate species, such as sagebrush sparrow, sage thrasher, and Brewer’s
sparrow (Rich & Altman 2001, Braun 2005, Rich et al. 2005); however, its effect on
obligate open-grassland songbirds or grassland endemics is far less understood.
Grassland complexes associated with sage-grouse critical habitat are likely to benefit a
wide range of prairie songbird species; however, high densities of sagebrush in grassland
complexes could negatively impact endemic species adapted to open prairie (Coppedge
et al. 2001, Grant et al. 2004, Fisher & Davis 2010). Endemic species typically have
restricted breeding ranges and are less flexible in their habitat requirements (Mengel
1972, Davis et al. 1999). Endemic songbirds on the northern Great Plains include
Sprague’s pipit, Baird’s sparrow (Ammodramus bairdii), lark bunting (Calamospiza
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melanocorys), McCown’s longspur, and chestnut-collared longspur (Calcarius ornatus)
(Knopf 1996). Avoidance of woody vegetation has been documented for grassland
songbird species-at-risk, such as Sprague’s pipit, chestnut-collared longspur, and Baird’s
sparrow (Arnold & Higgins 1986, Madden et al. 2000, Grant et al. 2004). Sagebrush
density may have less impact in Canada where sage-grouse habitat is primarily
characterized by silver sagebrush, as opposed to big sagebrush (Artemisia tridentata),
which is more frequent in the United States (Aldridge & Brigham 2001). Big sagebrush
is taller and more robust than silver sagebrush and therefore provides greater cover,
making it less tolerable to species sensitive to shrubby vegetation, although the benefits
or drawbacks of silver sagebrush to grassland songbirds remain largely unstudied.

3.1.1 Study Objective and Research Hypothesis
The objective of my research is to determine the extent to which greater sagegrouse could serve as an umbrella species for grassland songbirds by examining overlap
in their vegetation structure requirements. I hypothesize that sage-grouse critical habitat
will be less suitable for endemic grassland songbirds than a surrounding 1.6 km (1 mile)
buffer, but will be attractive to non-endemic species because of the presence of
sagebrush and other shrubs. If true, I predict that the abundance of endemic species will
be lower in critical sage-grouse habitat in relation to outside these areas and negatively
correlated with sagebrush cover. I also predict that abundance of non-endemic and
grassland generalist species associated with woody cover (e.g., clay-colored sparrow
[Spizella pallida] and Brewer’s sparrow) will be greater in sage-grouse critical habitat
and have a neutral or positive association with sagebrush cover. Species with a positive
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or neutral association with sage-grouse critical habitat or the vegetation characteristics
that define sage-grouse critical habitat would indicate that sage-grouse may be a suitable
umbrella species for these particular songbird species in silver sagebrush ecosystems.
However, songbird species with negative associations with sage-grouse critical habitat or
the vegetation characteristics that define sage-grouse critical habitat would indicate that
additional surrogate species will be necessary to represent the habitat requirements of the
entire grassland songbird community.

3.2 METHODS
3.2.1 Study Area
I compared grassland songbird abundance in the southwestern corner of
Saskatchewan within areas inside and adjacent to sage-grouse critical habitat. The study
area extended from the Alberta-Saskatchewan border to the east block of Grasslands
National Park and from the Canada-United States border to Old Man on His Back Prairie
Heritage and Conservation Area and the former Val Marie Prairie Farm Rehabilitation
Administration (PFRA) pasture (Figure 3.1). The study area exists within the South of
the Divide action plan area (Environment Canada 2015) and all sampling sites were
located within the mixed grassland ecoregion of the Prairie Ecozone (Ecological
Stratification Working Group 1995). The mixed grassland is the southernmost and driest
of the ecoregions in Saskatchewan, typically receiving 250-350 mm of precipitation per
year. The characteristic vegetation of the region includes spear grasses (Hesperostipa
and Nassella spp.), blue grama (Bouteloua gracilis), and wheat grasses (Elymus and
Pascopyrum spp.) along with June grass (Koeleria macrantha), sedges (Carex spp.), and
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silver sagebrush. It is also within the range of a number of grassland songbird species at
risk. Large portions of the study area were located in federal and provincial community
pastures and Grasslands National Park as well as private properties where I received
access permission. The major land uses in this area are ranching, crop production, and oil
and gas development.

Figure 3.1 Map of chapter 2 study area containing sage-grouse critical habitat (grey
shading) and relevant towns and study sites.

3.2.2 Sage-grouse Critical Habitat
Attributes of sage-grouse critical habitat are detailed in the Amended Recovery
Strategy for the Greater Sage-Grouse (Centrocercus urophasianus urophasianus) in
Canada (Environment Canada 2014). Sage-grouse require a variety of habitat types
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throughout the year (i.e., nesting, brood-rearing, and wintering habitat) ranging from
sagebrush areas to open grasslands. Designated critical habitat is centered on active and
recently active leks. Leks are typically flat, treeless, low elevation areas with sparse
vegetation, within sagebrush complexes. Year-round (nesting, brood-rearing, and winter)
critical habitat was also identified within the recovery strategy using a habitat suitability
model (modified from Aldridge 2005, Aldridge & Boyce 2007, Carpenter et al. 2010)
that calculated optimal combinations of two or more important habitat attributes. These
attributes include moderate shrub cover (mostly sagebrush) with a patchy distribution,
limited bare ground, moderately moist habitats, and limited lush green vegetation.

3.2.3 2002 Sagebrush Inventory
Sage-grouse critical habitat is composed of varying amounts of sagebrush cover.
Different amounts are important depending on the seasonal life stage of sage-grouse.
Grassland songbirds are likely to have varying thresholds to sagebrush cover depending
on the species; therefore, I stratified the sage-grouse critical habitat based on sagebrush
cover by overlaying GIS layers for sage-grouse critical habitat and data from the 2002
sagebrush inventory (Penniket & Associates Ltd. 2003). I divided sage-grouse critical
habitat into three sagebrush classes (low, medium, and high). The sagebrush inventory
layer consists of polygons delineated into 13 site classes based on 1:15,000 air photos of
southwestern Saskatchewan and methods developed by Fent (1999) (see Penniket &
Associates Ltd. [2003] for a full description of the methodology used in Saskatchewan).
For each polygon there are estimates of sagebrush distribution, cover, and height with a
spatial accuracy of 15 m. I classified sagebrush cover as low (0-5%), medium (6-25%),
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and high (26-100%) based on dataset percentiles of the sagebrush polygons. I then based
my site selection on these three sagebrush cover classes.

3.2.4 Site Selection
I used ArcMap 10.3.1 (ESRI©) to establish a 1.6 km buffer around sage-grouse
critical habitat and randomly selected survey sites within critical habitat and the buffer
area. An equal number of points within each of the three sagebrush cover classes were
randomly selected throughout the study area. Each random point represented a starting
location for a transect composed of survey points which were pre-determined using GIS
before the survey period. Transects followed existing trail networks, or were walked
along a compass bearing in areas where vehicle access was limited. Whenever an
obstacle or fork in a trail was encountered, a random number generator was used to
determine a new direction of travel. Transects frequently passed through different
sagebrush cover types located within sage-grouse critical habitat and the surrounding
buffer. Survey points used in chapter one that were within sage-grouse critical habitat
and the 1.6 km buffer were also included to increase sample size. Survey points were
positioned at least 400 m apart and a minimum of 150 m from roads, trails, fence lines,
or non-grassland habitat types to minimize the influence of edge habitat. If a transect
point did not meet these criteria when surveys were being conducted it was moved to a
suitable location or skipped altogether.
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3.2.5 Grassland Songbird Surveys
Songbird abundance and occurrence were quantified using standardized procedures
recommended for grassland habitats and similar to the methodology outlined in Ralph et
al. (1993). Survey stations consisted of 100 m radius, fixed point-counts along transects
randomly distributed throughout the study area. Point-count surveys were conducted for
five minutes and the approximate distance and direction to each individual bird detected
visually or audibly was recorded. Birds flushed within 100 m of the point-count center
while travelling to the survey locations, as well as fly-overs and birds detected outside
the 100 m radius, were recorded but noted separately from birds detected during surveys.
Surveyors underwent two weeks of training prior to data collection to ensure they could
confidently identify the target species and to improve distance estimation ability. Point
counts were conducted between sunrise and 0900 h when male songbirds defend their
territories and are most conspicuous. Surveys were not conducted on mornings with
precipitation or wind speeds exceeding 20 km/h. Wind speed was recorded using a
Kestrel© wind meter. Point count surveys were conducted from May 29 th to July 7th,
2016 and from May 24 th to July 7th, 2017. New point count locations were selected each
year and only visited once per season. Focal grassland songbird species included horned
lark (Eremophila alpestris), Sprague’s pipit, chestnut-collared longspur, McCown’s
longspur, clay-colored sparrow, Brewer’s sparrow, vesper sparrow, lark bunting,
Savannah sparrow (Passerculus sandwichensis), grasshopper sparrow (Ammodramus
savannarum), Baird’s sparrow, bobolink (Dolichonyx oryzivorus), western meadowlark,
and brown-headed cowbird (Molothrus ater).
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3.2.6 Vegetation Surveys
The vegetation variables I measured consisted of vegetation cover types (native
grass, exotic grass, shrub, and dead vegetation), cow pies, and bare ground cover. Bare
ground cover was mostly composed of club moss and lichen cover, but may also have
consisted of exposed soil. Native and exotic grass cover types were combined into a live
grass category. I created a variable for “percent native grass” by calculating the
percentage of native grasses relative to total grass (i.e., percent native grass = native
grass cover / [native grass cover + exotic grass cover]). Other vegetation variables
included vegetation height, visual obstruction, and litter mass (unattached, dead
vegetation).
During the two week training period, surveyors also practiced vegetation sampling
to standardize the protocol and minimize individual bias. Vegetation surveys were
conducted on the same day as bird surveys to ensure that vegetation characteristics were
indicative of conditions at that time. Point-count stations were divided into four
quadrants based on their north-south and east-west axes. Two quadrants were randomly
selected for vegetation surveys on the day of sampling using a random number table.
Prior to each field season, a 30 m transect was randomly located within each quadrant to
measure cow-pie cover (see below). The location of the transect also dictated where
vegetation plots (quadrats) were placed (see Figure 2.3 in Chapter 1 for example).
Vegetation plots were placed at the 0, 15, and 30 m positions along the transect and
resulted in a total of six vegetation plots for each point count location. Cover
measurements for all cover types, except cow pie were estimated within a 0.5 m 2 quadrat
that outlined the limits for each vegetation plot location. Visual obstruction readings
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were measured at the center of each plot using a Robel pole to create a vegetation density
index (Robel et al. 1970). The Robel pole was a white 3 x 150 cm round pole with
alternating black and white centimeter increments (Toledo et al. 2008). Visual
obstruction readings were recorded as the lowest centimeter mark on the pole that was
visible from parallel to the top of the pole at a distance of 4 m. Visual obstruction
measurements were taken in all four cardinal directions and then averaged. Vegetation
height was measured in the vegetation plot using a ruler (Stewart et al. 2001) and defined
as the location on the ruler below which approximately 80% of vegetation was located
(Fisher & Davis 2010). Litter was collected by raking up all of the loose, dead plant
material by hand within a 0.25 m2 rectangular frame as outlined in the Rangeland Health
Assessment Manual for Grassland, Forest and Tame Pasture (Government of Alberta
2009). This frame was situated in the corner of the vegetation plot closest to the transect
tape. Litter samples were bagged and transported to the lab where they were dried and
weighed in a forced-air oven at 60°C. Mass was periodically measured and a final mass
was recorded when no change in mass occurred between measurements (Launchbaugh
2009). A drying time of 24 hours per sample was found to be sufficient. Following all
analyses, litter mass was converted to g/m2 to provide a spatial context and because it is
easily converted to lbs/acre which is used by range managers. Cow-pie cover had an
infrequent and patchy distribution throughout grasslands and therefore was measured
using the line-intercept method (McIntyre 1953) (see Chapter 1 for complete rationale).
The line-intercept method involved measuring the start and end point of each cow pie
intersecting the 30 m tape and dividing the cumulative cow-pie total by the total length
of the transect.

103

3.2.7 Statistical Analyses
All statistical analyses were conducted in R version 3.4.3 (R Core Team 2017). I
used the mean value for all six vegetation plots (or 2 transect totals for cow-pie cover) to
represent each vegetation variable at a point-count location. I tested for collinearity
between the vegetation variables to assess whether any were highly correlated (Pearson
correlation r ≥ 0.8) and could be removed from the analysis. I found no variables to be
highly correlated. I used generalized linear mixed models (glmm’s) from the R package
“lme4” (Bates et al. 2015) to determine how species abundance changed as a result of
sage-grouse critical habitat and its attributes. I only used species counts from within the
100 m point-count area and did not include fly-over detections. McCown’s longspur and
bobolink were not included in my glmm analysis due to a small sample size (Table 3.1).
Predictor variables included position inside or outside critical habitat (CH), distance to
critical habitat (DistCH), and sagebrush cover (SB). Each pasture was given its own
random intercept. The R packages “plyr” (Wickham 2011) and “dplyr” (Wickham et al.
2017) were used for data manipulation in preparation for analysis. I modeled abundance
using a negative binomial distribution or used a Poisson distribution if the negative
binomial model failed to converge. All glmm’s included a “log” link function. I made
separate models for all glmm subsets (global model = CH, DistCH, and SB^2) for each
species, but only included models in the results section if they were < 2 AIC units of the
top model for that species (the entire set of model outputs is provided in Appendix B-1).
Model terms were considered significant if p-values of the output were < 0.05.
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Table 3.1 Grassland songbird abundance (mean ± standard error) and frequency of
occurrence (provided in parentheses) in sage-grouse critical habitat and the surrounding
1.6 km buffer.
Abundance &
Frequency (%)
Critical Habitat

Abundance &
Frequency (%)
1.6 km Buffer

Abundance &
Frequency (%)
Total

Horned Lark

0.7 ± 0.1 (32)

0.8 ± 0.1 (40)

0.7 ± 0.1 (36)

Sprague’s Pipit

0.4 ± 0.0 (33)

1.0 ± 0.1 (62)

0.7 ± 0.0 (46)

Chestnut-collared Longspur

0.9 ± 0.0 (28)

2.1 ± 0.2 (56)

1.4 ± 0.1 (41)

McCown’s Longspur

0.02 ± 0.0 (1)

0.05 ± 0.0 (4)

0.03 ± 0.0 (2)

Clay-colored Sparrow

0.6 ± 0.1 (35)

0.3 ± 0.0 (20)

0.4 ± 0.0 (28)

Brewer’s Sparrow

0.2 ± 0.0 (13)

0.2 ± 0.0 (10)

0.2 ± 0.0 (12)

Vesper Sparrow

0.4 ± 0.1 (25)

0.2 ± 0.0 (13)

0.3 ± 0.0 (19)

Lark Bunting

0.9 ± 0.1 (28)

0.3 ± 0.1 (9)

0.7 ± 0.1 (19)

Savannah Sparrow

0.7 ± 0.1 (41)

0.8 ± 0.1 (51)

0.7 ± 0.0 (45)

Grasshopper Sparrow

0.4 ± 0.0 (25)

0.4 ± 0.0 (26)

0.4 ± 0.0 (25)

Baird’s Sparrow

0.8 ± 0.1 (40)

1.4 ± 0.1 (70)

1.0 ± 0.1 (53)

Bobolink

0.1 ± 0.0 (3)

0.1 ± 0.0 (8)

0.1 ± 0.0 (6)

Western Meadowlark

0.9 ± 0.1 (51)

0.7 ± 0.1 (41)

0.8 ± 0.0 (47)

Brown-headed Cowbird

0.4 ± 0.1 (20)

0.1 ± 0.0 (9)

0.2 ± 0.0 (15)

Species

I used canonical correspondence analysis (CCA) from the R package “vegan”
(Oksanen et al. 2018) to quantify relationships between songbird abundance and
vegetation structure (cow pie, live grass, native grass, dead grass, shrub, sagebrush, and
bare ground cover, litter mass, vegetation height, and visual obstruction) within sagegrouse critical habitat and the surrounding buffer. I examined variance inflation factors
(VIF’s) using vif.cca in “vegan” as an indicator of multicollinearity and to identify
redundant variables that should be removed from the CCA. All of my model terms had
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VIF’s <10 so all were retained for subsequent analyses. McCown’s longspur and
bobolink were detected at 2% and 6% of point counts, respectively. I conducted separate
analyses to evaluate the effects of including McCown’s longspur and bobolink in the
CCA. I found no visible differences in the associations of other songbird species when
the results of both analyses were compared. Furthermore, CCA results for McCown’s
longspur and bobolink were consistent with previously documented habitat requirements
despite the small sample size (e.g., With 2010, Renfrew et al. 2015), and therefore I
included both species in the CCA analysis. I used the “summary.CCA” function in the R
package “vegan” to determine the variance explained by each CCA axis and derive
species scores and bi-plot scores for each constraining variable. I plotted the CCA results
to provide a visual representation of the summary scores and used an ANOVA to test the
statistical significance of the entire model and the individual predictors.

3.3 RESULTS
3.3.1 Grassland Songbird Abundance in Greater Sage-grouse Critical Habitat
The abundance of Sprague’s pipit and Baird’s sparrow was lower at sites sampled
inside sage-grouse critical habitat (for all species I have provided means and standard
errors in parentheses: Sprague’s pipit = 0.4 ± 0.7; Baird’s sparrow = 0.8 ± 1.1) than sites
in the surrounding buffer (Sprague’s pipit = 0.9 ± 0.9; Baird’s sparrow = 1.4 ± 1.2)
(Table 3.1 & 3.2). Sprague’s pipit abundance also decreased as sagebrush cover
increased (Figure 3.2A) and Baird’s sparrow abundance peaked near 25% sagebrush
cover (Figure 3.2B). Chestnut-collared longspur abundance was not statistically different
between sites within sage-grouse critical habitat (0.9 ± 1.9) and sites surveyed within the
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buffer (2.1 ± 2.5), but abundance decreased with greater sagebrush cover (Figure 3.2C)
and increased as distance from sage-grouse critical habitat increased (Figure 3.2D; Table
3.2). Grasshopper sparrow and horned lark abundance both decreased as sagebrush
levels increased (Figure 3.2E & F; Table 3.2).
Lark bunting abundance was greater inside sage-grouse critical habitat (0.9 ± 2.0)
versus the surrounding buffer (0.3 ± 1.3) (Table 3.2). Lark bunting abundance also
increased with sagebrush cover (Figure 3.2G) and decreased as distance from sagegrouse critical habitat increased (Figure 3.2H). Brown-headed cowbird abundance was
greater in sage-grouse critical habitat (0.4 ± 0.9) than in the surrounding area (0.1 ± 0.4)
and increased with sagebrush cover (Figure 3.2I; Table 3.2). Clay-colored sparrow,
western meadowlark, and Savannah sparrow abundance also increased with sagebrush
cover and Brewer’s sparrow abundance peaked near 45% sagebrush cover (Figures 3.2JM; Table 3.2). Vesper sparrow abundance increased with sagebrush cover (Figure 3.2N)
and decreased as distance from sage-grouse critical habitat increased (Figure 3.2O; Table
3.2).
3.3.2 Grassland Songbird Associations with Sage-Grouse Critical Habitat
Characteristics
Approximately 16% of the variation in grassland songbird abundance was
explained by the vegetation characteristics I included in the canonical correspondence
ordination (Appendix B-2). The first CCA axis accounted for 40% of the total variation
explained by vegetation characteristics and was characterized by a gradient ranging from
short and sparse vegetation cover (increased club moss, lichen, and bare soil cover) to
tall and dense vegetative cover (increased VOR, vegetation height, litter mass, and dead
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Table 3.2 Ranking of top and competing (within 2 AIC units of the best model with the
same or a fewer number of parameters) models relating variation in grassland songbird
abundance to sage-grouse critical habitat attributes. K is the number of model
parameters, AIC is Akaike’s Information Criterion, ∆AIC is the scaled value of AIC, w
is the Akaike weight, and logLik is the model log-likelihood. CritHab represents sagegrouse critical habitat; DistCH is distance to sage-grouse critical habitat; Sagebrush is
sagebrush cover; and Sagebrush^2 represents a polynomial relationship with sagebrush
cover. Plus and minus signs in the model indicate significant positive or negative
relationships.

Horned Lark
(-)Sagebrush
Null
Sprague’s Pipit
(-)CritHab (-)Sagebrush
Null
Chestnut-collared Longspur
(+)DistCH (-)Sagebrush
(-)Sagebrush^2
Null
Clay-colored Sparrow
CH (+)Sagebrush
(+)Sagebrush
DistCH (+)Sagebrush
Null
Brewer’s Sparrow
(+)Sagebrush Sagebrush^2
(+)Sagebrush
Null

logLik

K

∆AIC

w

-469.8
-472.8

3
2

0.0 a
4.1

0.28
0.4

-429.2
-444.0

4
2

0.0
23.8

0.49
0.00

-629.9
-657.4

5
2

0.0
49.1

0.48
0.00

-358.4
-360.1
-359.1
-370.7

4
3
4
2

0.0
1.3
1.4
20.7

0.29
0.15
0.14
0.00

-226.2
-228.1
-230.0

4
3
2

0.0
1.7
3.5

0.31
0.13
0.06
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Vesper Sparrow (VESP)
CH (-)DistCH Sagebrush
(+)Sagebrush^2
CH (-)DistCH
(-)DistCH
(-)DistCH Sagebrush
Sagebrush^2
CH (-)DistCH Sagebrush
Null
Lark Bunting (LARB)
(+)CH (-)DistCH (+)Sagebrush
(+)CH (-)DistCH
Null
Savannah Sparrow (SAVS)
Sagebrush (+)Sagebrush^2
Null
Grasshopper Sparrow (GRSP)
(-)Sagebrush
Null
Baird’s Sparrow (BAIS)
(-)CH DistCH (-)Sagebrush
(-)Sagebrush^2
(-)CH (-)Sagebrush
(-)Sagebrush^2
Null
Western Meadowlark (WEME)
DistCH (+)Sagebrush
(+)Sagebrush
Null
Brown-headed Cowbird (BHCO)
CH DistCH (+)Sagebrush
(+)CH (+)Sagebrush
(-)DistCH (+)Sagebrush
(+)CH (+)Sagebrush
Sagebrush^2
Null
a

logLik

K

∆AIC

w

-291.2
-293.2
-295.0

6
4
3

0.0
0.20
1.4

0.28
0.26
0.14

-293.0
-293.2
-308.4

5
5
2

1.6
1.9
26.3

0.13
0.11
0.00

-550.3
-552.3
-593.6

5
4
2

0.0
2.0
80.6

0.49
0.18
0.0

-493.8
-496.3

4
2

0.0
1.0

0.23
0.14

-322.9
-327.1

3
2

0.0
6.4

0.25
0.01

-525.0

6

0.0

0.52

-526.8
-539.6

5
2

1.7
21.3

0.23
0.00

-515.2
-516.3
-519.4

4
3
2

0.0
0.2
4.4

0.24
0.22
0.03

-258.5
-259.8
-260.0

5
4
4

0.0
0.5
1.0

0.26
0.20
0.16

-259.3
-289.8

5
2

1.5
56.6

0.12
0.00

The AIC value of the top model for each species was as follows: HOLA = 947.6, SPPI =

866.3, CCLO = 1269.8, CCSP = 728.1, BRSP = 460.5, VESP = 594.5, LARB = 1110.7,
SAVS = 995.6, GRSP = 651.9, BAIS = 1062.0, WEME = 1038.4 BHCO = 527.1
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grass cover) (Figure 3.3; Table 3.3). The second CCA axis accounted for 28% of the
total variation explained by vegetation characteristics and was characterized by a
gradient from sage-grouse critical habitat areas with high sagebrush and shrub cover to
non-critical habitat areas characterized by increased dead grass cover and percent native
grass (Figure 3.3; Table 3.3).
All vegetation variables used in the CCA were statistically significant predictors of
songbird abundance (p < 0.04) (Table 3.4). Grassland songbird species exhibited distinct
affinities to vegetation gradients along both CCA axes (Figure 3.4; see also Appendix B3). Bobolink, clay-colored sparrow, and to a lesser extent brown-headed cowbird,
grasshopper sparrow, and Savannah sparrow abundance were associated with tall, dense
vegetative cover, while McCown’s longspur, chestnut-collared longspur, and horned lark
abundance were associated with low and sparse vegetative cover along axis 1. Sprague’s
pipit, Baird’s sparrow, bobolink, and to a lesser extent Savannah sparrow abundance
were associated with native grasslands with residual grasses and little to no shrub cover
along axis 2. Lark bunting, vesper sparrow, brown-headed cowbird, and Brewer’s
sparrow were associated with areas of sage-grouse critical habitat with increased
amounts of sagebrush and shrub cover and minimal understory along axis 2. Species
scores for lark bunting, Brewer’s sparrow, vesper sparrow, and brown-headed cowbird
overlapped with the standard error for sage-grouse critical habitat (Figure 3.5). Species
associated with sage-grouse critical habitat were also associated with sagebrush and total
shrub cover, which are defining characteristics of sage-grouse critical habitat.
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Figure 3.2 The relationship between the abundance of grassland songbird species and
habitat characteristics (sage-grouse critical habitat, distance to sage-grouse critical
habitat, and sagebrush cover) with 95% confidence intervals (dashed lines). Gray lines
represent the relationship within sage-grouse critical habitat and black lines represent the
relationship in the surrounding 1.6 km buffer (black-only represents no difference
between sage-grouse critical habitat and the surrounding buffer).
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Figure 3.3 Gradients of vegetation and structural variables measured within point-count
surveys and overlaid with the standard errors for sage-grouse critical habitat (bottomright ellipse) and non-critical habitat (top-left ellipse) with 95% confidence intervals. CP
= cow-pie cover, G = ground cover, LG = live grass cover, NG = percent native grass,
DG = dead grass cover, S = Shrub cover, SB = sagebrush cover, LM = litter mass, VH =
vegetation height, VOR = visual obstruction reading, CH1 = sage-grouse critical habitat.
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Table 3.3 Biplot scores for constraining variables in each canonical correspondence
analysis axis (e.g., Axis 1 = CCA1). CP = cow-pie cover, G = bare ground cover, DG =
dead grass cover, LG = live grass cover, NG = percent native grass, S = shrub cover, VH
= vegetation height, VOR = visual obstruction, LM = litter mass, SB = sagebrush cover,
CH = sage-grouse critical habitat.

CP
G
DG
LG
NG
S
VH
VOR
LM
SB
CH

CCA1
-0.101
-0.763
0.485
0.301
-0.269
0.397
0.451
0.736
0.503
0.398
0.382

CCA2
-0.007
-0.425
0.636
0.142
0.362
-0.358
0.3
0.204
0.208
-0.524
-0.649

CCA3
0.007
-0.143
0.238
0.274
-0.373
-0.608
-0.398
-0.382
0.415
-0.31
0.012

CCA4
0.516
0.08
-0.2
0.422
-0.334
-0.247
0.064
0.149
0.144
0.281
-0.157

CCA5
-0.078
0.359
0.29
-0.667
0.14
-0.317
-0.323
-0.179
0.179
0.304
0.128

CCA6
0.163
0.131
0.086
-0.017
-0.17
0.025
-0.18
-0.322
-0.322
-0.271
0.18

Table 3.4 ANOVA outputs for vegetation variables in canonical correspondence
ordination including degrees of freedom (df), Chi Square statistics, F statistics and pvalues [Pr(>F)].

Entire Model
Cow-pie Cover
Bare Ground Cover
Dead Grass Cover
Live Grass Cover
Percent Native Grass
Shrub Cover
Vegetation Height
Visual Obstruction
Litter Mass
Sagebrush Cover
Sage-grouse Critical Habitat

Df
11
1
1
1
1
1
1
1
1
1
1
1

ChiSquare
0.51
0.01
0.15
0.05
0.04
0.05
0.03
0.04
0.04
0.03
0.03
0.05
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F
6.75
2
21.87
7.09
5.46
6.63
4.61
5.32
6.52
3.71
4.32
6.73

Pr (>F)
0.001
0.037
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

Figure 3.4 Songbird associations across vegetation gradients. BAIS = Baird’s sparrow,
BOBO = bobolink, BHCO = brown-headed cowbird, BRSP = Brewer’s sparrow, CCLO
= chestnut-collared longspur, CCSP = clay-colored sparrow, GRSP = grasshopper
sparrow, HOLA = horned lark, LARB = lark bunting, MCLO = McCown’s longspur,
SAVS = Savannah sparrow, SPPI = Sprague’s pipit, VESP = vesper sparrow, and
WEME = western meadowlark. Acronyms for habitat variables are provided in Figure
3.3.
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Figure 3.5 Standard errors with 95% confidence intervals of species that overlapped
with sage-grouse critical habitat (Brewer’s sparrow, vesper sparrow, lark bunting, and
brown-headed cowbird). Species ellipses are shown with dotted lines and sage-grouse
critical habitat is shown as bottom-right solid ellipse (upper left ellipse represents the
surrounding 1.6 km buffer).
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3.4 DISCUSSION
My research supports the hypothesis that sage-grouse critical habitat is less suitable
for endemic grassland songbirds than a surrounding 1.6 km buffer, but attractive to
grassland generalists and songbirds associated with shrub and sagebrush cover. As
predicted, I found that abundance of endemic songbirds, such as Sprague’s pipit and
Baird’s sparrow, is lower in sage-grouse critical habitat than within a 1.6 km buffer
surrounding critical habitat. Furthermore, abundance of Sprague’s pipit, Baird’s sparrow,
and chestnut-collared longspur decreased in the presence of vegetation characteristics
that are strongly associated with sage-grouse critical habitat (e.g. sagebrush cover). Lark
bunting was the only endemic grassland species that had greater abundance within sagegrouse critical habitat than within the 1.6 km buffer surrounding critical habitat, which
was likely due to their association with sagebrush and other shrub cover (Wellicome et
al. 2014). Abundance of all grassland generalist songbirds was similar in sage-grouse
critical habitat and the surrounding buffer with the exception of brown-headed cowbird,
which had greater numbers in sage-grouse critical habitat. However, several nonendemic grassland species had associations with vegetation characteristics that were
important attributes of sage-grouse critical habitat, such as total shrub and sagebrush
cover. Several grassland generalist species (e.g., savannah sparrow, western
meadowlark) were also associated with vegetation characteristics that were found in both
sage-grouse critical habitat and the surrounding buffer, which likely explains why
abundance did not differ between these two areas.
Sage-grouse critical habitat encompassed a wide range of vegetation characteristics
throughout my study area, and was more variable than areas sampled in the surrounding
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buffer (Appendix B-4). The variability in vegetation characteristics throughout critical
habitat likely reflects the patchy nature of sage-grouse critical habitat. Sage-grouse
critical habitat contains a mixture of sagebrush and non-sagebrush plant communities,
whereas the surrounding buffer was composed largely of non-sagebrush plant
communities. Sage-grouse critical habitat also encompassed a larger area than the
surrounding buffer, which increases the expected amount of heterogeneity available on
the landscape (Kotliar & Wiens 1990). Despite variation in local vegetation
characteristics there was a strong association between sage-grouse critical habitat and
sagebrush and total shrub cover. The association between shrub and sagebrush cover and
sage-grouse critical habitat is not surprising as sagebrush cover was one of the main
criteria used to delineate sage-grouse critical habitat (Environment Canada 2014). Sagegrouse rely on shrubs, specifically sagebrush, as a winter food source (Wallestad & Eng
1975) and to provide cover during the wintering, nesting, and brood-rearing periods
(Wallestad & Pyrah 1974, Drut et al. 1994, Doherty et al. 2008). Sage-grouse critical
habitat was also situated along gradients of increased live grass cover, litter mass,
vegetation height and visual obstruction. This likely reflects the sage-grouse’s reliance
on sagebrush areas intermixed with grasslands, rather than pure sagebrush stands
(Aldridge & Boyce 2007). Sage-grouse critical habitat was also characterized by areas
with reduced bare ground cover. Sage-grouse typically occupy areas with a grass or forbdominated understory as a source of food and cover (Klebenow 1969, Martin 1970,
Dinkins et al. 2016). Previous authors have also reported that sage-grouse occurrence is
negatively associated with bare ground (Sveum et al. 1998, Aldridge & Boyce 2007) and
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limited bare ground was one of the attributes used to identify sage-grouse critical habitat
(Environment Canada 2014).
The same vegetation characteristics that define sage-grouse critical habitat were
also important for explaining relationships between songbird abundance and sage-grouse
critical habitat. Species associated with sagebrush and shrub cover were the most
strongly associated with sage-grouse critical habitat. All of the species that exhibited the
strongest overlap with sage-grouse critical habitat (i.e., lark bunting, vesper sparrow,
brown-headed cowbird, and Brewer’s sparrow) are known to occur in shrub-dominated
habitats (Rotenberry & Wiens 1980, Vander Haegen et al. 2000, Grant et al. 2004) and
the large amount of sagebrush and total shrub cover within sage-grouse critical habitat
likely explains their greater affinity to areas inside critical habitat versus the surrounding
buffer. Clay-colored sparrow is another species associated with shrubs although this
species did not overlap with sage-grouse critical habitat standard errors. One possible
explanation is that clay-colored sparrows are closely tied to western snowberry
(Symphoricarpos occidentalis) and other non-sagebrush shrubs (Munson 1992, Davis &
Duncan 1999, Grant & Knapton 2012), which were equally as common in sage-grouse
critical habitat and the surrounding buffer. Clay-colored sparrow occurrence also
remains high even in areas with relatively low shrub cover (Madden et al. 2000).
Endemic grassland species like Sprague’s pipit and Baird’s sparrow were
associated with vegetation characteristics that occurred in portions of sage-grouse critical
habitat, but had stronger associations with vegetation attributes that characterized sites in
the surrounding buffer. Abundance of Sprague’s pipit and Baird’s sparrow increased
along a vegetation gradient characterized by increasing dead grass cover and percent
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native grass and decreasing sagebrush and total shrub cover. Sprague’s pipit and Baird’s
sparrow are considered native grassland specialists that occupy areas of moderate
vegetation height and density (Wilson & Belcher 1989, Davis & Duncan 1999). The
results of previous research support my findings that both species are generally intolerant
of moderate or high levels of shrub cover (Madden et al. 2000, Grant et al. 2004). The
high density of sagebrush and shrub cover in sage-grouse critical habitat was likely the
reason why fewer Sprague’s pipits and Baird’s sparrows were found in sage-grouse
critical habitat compared to the surrounding buffer. Grant et al. (2004) found evidence
that Sprague’s pipit could tolerate woodland cover at the landscape scale, but was
negatively affected by woody vegetation at the territory scale. Baird’s sparrows were
sensitive to woody vegetation at all scales (Grant et al. 2004); however, De Smet and
Conrad (1989) recorded Baird’s sparrows in pasture with > 50% shrub cover in the
extreme northeastern part of its range. Therefore, it is possible that most grassland areas
within sagebrush mosaics are too small to support large numbers of Sprague’s pipit and
Baird’s sparrow. Sage-grouse critical habitat contains low density sagebrush areas used
by sage-grouse during the brood-rearing period (Klebenow 1969, Drut et al. 1994). Sagegrouse brood-rearing areas are primarily mesic with high cover of forbs (Dunn & Braun
1986, Drut et al. 1994, Aldridge & Boyce 2007), which might be attractive to Sprague’s
pipit and Baird’s sparrow depending on their tolerance to forb cover (Sutter & Brigham
1998, Madden et al. 2000, Davis 2004). These brood-rearing areas are more open, but
still contain sagebrush and shrubs that provide roosting and loafing sites for sage-grouse
as well as escape cover from predators (Wallestad 1971, Dunn & Braun 1986, Klott &
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Lindzey 1990). Even low density shrub cover in brood-rearing areas may be beyond the
tolerable limits for Sprague’s pipit and Baird’s sparrow (Grant et al. 2004).
Chestnut-collared longspur is another endemic grassland songbird that appears to
have a weaker association with the vegetation characteristics of sage-grouse critical
habitat than Sprague’s pipit and Baird’s sparrow, although abundance was not
statistically different between sage-grouse critical habitat sites and the surrounding
buffer. Chestnut-collared longspur abundance and occurrence is greater in shorter,
sparser grasslands (Davis et al. 1999, Fritcher et al. 2004, Davis et al. 2014) and in my
study area chestnut-collared longspurs were associated with vegetation characteristics
that overlapped optimal conditions for McCown’s longspur and horned lark. Abundance
of longspurs and horned larks is likely negatively influenced by sage-grouse critical
habitat because of these species’ close associations with bare ground, lichen, and club
moss cover (Creighton & Baldwin 1974, Henderson & Davis 2014). Bare ground is not
typically used by sage-grouse during any life-stage and sage-grouse typically avoid areas
with increased bare ground cover (Sveum et al. 1998, Aldridge & Boyce 2007).
Therefore, the habitat required by longspurs and horned lark is likely to be underrepresented within sage-grouse critical habitat.
The abundance of generalist grassland songbirds was associated with few
vegetation characteristics overall, including the primary attributes of sage-grouse critical
habitat. Live grass cover is a secondary component of sage-grouse critical habitat
(Environment Canada 2014) and was associated with savannah and grasshopper sparrow
abundance. The abundance of generalist grassland songbirds did not differ in sagegrouse critical habitat and the surrounding buffer and the vegetation characteristics
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associated with sage-grouse critical habitat also had little effect on the abundance of
generalist songbirds. Most generalist grassland songbirds occurred in relatively large
numbers in at least certain areas of sage-grouse critical habitat. Bobolink was the only
species associated with the tallest, densest grasslands in the study area with the greatest
amount of vegetative cover and little to no shrub cover, which is consistent with previous
studies (Fletcher & Koford 2002, Grant et al. 2004, Winter et al. 2005). Bobolinks were
associated with vegetation features that were not characteristic of sage-grouse critical
habitat, but also not widely found in the surrounding buffer either.
Protecting existing habitat and restoring degraded sites that were formerly
occupied by sage-grouse is believed to benefit other sagebrush obligate species (Braun
2005, Rich et al. 2005). The northern extent of the sage-grouse’s range contains lower
densities of sagebrush and higher proportions of grassland than in the southern parts of
the range. Therefore I predicted sage-grouse are more likely to co-occur with grassland
and other non shrub-steppe species in the northern part of their range. However, there
have been no studies determining how management at the northern extent of the sagegrouse range influences grassland and non shrub-steppe species. Sage-grouse have been
proposed as an umbrella species for species reliant on sagebrush, such as sage thrasher,
sagebrush sparrow, Brewer’s sparrow, pygmy rabbit (Brachylagus idahoensis), and
sagebrush lizard (Sceloporus graciosus) (Rich & Altman 2001). The benefits of sagegrouse conservation are also proposed to extend beyond the sagebrush ecosystem,
protecting plant and animal communities in other habitats within the sagebrush matrix,
such as native perennial grasslands (Rowland et al. 2006). Previous research does lend
some support to the value of sage-grouse as an umbrella species for other sagebrush
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birds because of a high degree of overlap in habitats at broad spatial scales (Rich &
Altman 2001, Rich et al. 2005). Other studies that have evaluated sage-grouse as an
umbrella species suggest that the protection of sage-grouse habitat would only provide
marginal benefits to sagebrush species of concern and would be equally as successful as
conserving sites on the landscape chosen at random (Rowland et al. 2006).
The umbrella species concept is typically viewed as a means of saving time and
resources during conservation planning where the protection of a small number of focal
or surrogate species will have a collective benefit on co-occurring plant and wildlife
species (Andelman & Fagan 2000, Fleishman et al. 2000, Caro 2003). Most studies that
have assessed the validity of the umbrella species concept have examined it from the
perspective of establishing protected area networks and protecting overall diversity.
However, previous research suggests that establishing protected area networks based on
umbrella species can be equally or less effective at representing the requirements for
other species groups as landscape-based approaches, protecting specific sites based on
data from all taxa, or selecting sites at random (Howard et al. 1998, Bonn et al. 2000,
Fleishman et al. 2001). The effectiveness of the umbrella species approach can be
improved if umbrella species are selected based on objective ecological criteria, such as
moderate sensitivity to human disturbance, moderate risk of extinction, and percentage
of co-occurring species (Fleishman et al 2001). Umbrella species may also prove useful
for delineating the size of area or type of habitat to be protected (Caro & Doherty 1999).
However, conservation is often reactionary to species declines and planners must apply
the umbrella species concept, retrospectively, to determine what additional species will
benefit from the protection of one or several priority species (Fleishman et al. 2001).
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From a species at risk perspective, using umbrella species as a surrogate for species
diversity may decrease management effectiveness because areas of high diversity often
under-represent habitat for threatened and endemic species (Bonn et al. 2002). Instead,
effective conservation likely means achieving a balance between protecting areas with
high species diversity and protecting habitat for species with critically low or declining
populations.
My results suggest that protecting sage-grouse critical habitat would benefit other
shrub-associated songbirds at the northern extent of the sage-grouse’s range and have
minimal benefits to grassland songbird species at risk, with the exception of lark bunting.
Rich and Altman (2001) found there was 94% overlap between historic source habitats
of sage-grouse and Brewer’s sparrow; at finer scales the relative abundance of both
species were correlated (R = 0.63) (Rich et al. 2005). The abundance of grassland
generalists, such as western meadowlark and Savannah sparrow, were similar in sagegrouse critical habitat and the surrounding buffer suggesting that the conservation of
sage-grouse critical habitat in its current state would also benefit these species. Previous
research has also found that the spatial distribution and frequency of occurrence of
vesper sparrow and western meadowlark was statistically correlated with sage-grouse
distribution and occurrence (Rich et al. 2005). One criterion for umbrella species is that
management prescriptions directed towards the umbrella species must also benefit other
targeted species (Rowland et al. 2000). The associations I observed between songbirds
and the vegetation characteristics of sage-grouse critical habitat only apply if critical
habitat in southwestern Saskatchewan is maintained in its current state. Enhancement of
sage-grouse habitat through means such as restoring sagebrush habitats or natural

124

grazing regimes could have a positive, negative, or neutral effect on grassland songbirds
depending on the species and type of management undertaken. For example, shrub
reduction treatments in sagebrush to improve Gunnison sage-grouse (Centrocercus
minimus) brood-rearing habitat increased vesper sparrow density and occupancy,
decreased Brewer’s sparrow density and occupancy, and had no effect on horned lark or
western meadowlark (Lukacs et al. 2015).
It is unrealistic to expect that the conservation of a single species will offer
complete protection for all the flora and fauna in a region or habitat. Rather, a number of
umbrella species would more adequately capture the habitat requirements of the breadth
of species occupying an area. Although sage-grouse conservation is unlikely to have a
positive effect on most endemic grassland songbirds, my research identifies voids in
protection that could be filled by managing for other species that are conservation
priorities. Emphasis on several umbrella species allows for the protection of a greater
proportion of the spatial, compositional, and functional habitat requirements of cooccurring species (Lambeck 1997, Fleishman et al. 2001). The high degree of overlap in
vegetation characteristics associated with Sprague’s pipit and Baird’s sparrow suggests
that conservation efforts directed towards one species could have comparable benefits to
the other, especially if management was directed to the species identified as the most
sensitive to human disturbance or with the most restrictive habitat requirements. The
benefits of management for these two species at risk would likely extend towards many
generalist grassland songbirds as well. A surrogate species approach may also apply to
songbirds associated with low, sparse vegetative cover. Chestnut-collared longspurs are a
national species at risk, but are not as rare or geographically restricted as McCown’s
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longspur and not as ubiquitous as horned lark. Further research focused on the effects of
chestnut-collared longspur management on other sparse grassland species may prove
beneficial.

3.5 CONCLUSION AND MANAGEMENT IMPLICATIONS
Sage-grouse appear to act as an umbrella species for lark bunting and shrubassociated and grassland generalist songbirds in the northern mixed-grass prairie, but my
findings suggest sage-grouse are a poor umbrella species for a number of endemic
grassland songbirds. The designation of umbrella species should not be based on cooccurrence alone and further research is required to confirm whether populations of cooccurring species are viable under management for the umbrella species (Caro 2003,
Lindenmayer & Fischer 2003). Most endemic grassland songbirds are unlikely to benefit
from sage-grouse as an umbrella species because of their intolerance of shrubs and
woody vegetation (Grant et al. 2004). However, endemics were also strongly associated
with native grass composition, which was one of the main factors I found that
differentiated sage-grouse critical habitat from non-critical habitat areas. Future research
should identify the proportion of tame grassland that exists within sage-grouse critical
habitat in southwestern Saskatchewan and assess whether conversion of these areas back
to native grassland would improve the value of sage-grouse critical habitat for both sagegrouse and endemic grassland species.
The conservation status of sage-grouse in Canada means that efforts to protect
critical habitat and identify land-use practices that are more compatible with sage-grouse
are expected to continue for the foreseeable future. Management is aimed at recovering
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sage-grouse populations, but the effects on other species could also be considered along
with the objective of maximizing benefits to biodiversity and other listed species where
possible. In this case, the umbrella species concept will not be applied in the traditional
context of establishing protected areas to maximize overall diversity, but there is value in
understanding how the protection and enhancement of sage-grouse critical habitat will
affect grassland songbirds and other species that co-occur in the area. This information
can be used to identify species that will benefit from sage-grouse conservation, as well as
species at risk that require additional management and protection in the surrounding
landscape to complement sage-grouse conservation. My results provide an important
step towards understanding how the protection of sage-grouse critical habitat will
coincide with the protection of grassland songbird habitat and how efforts to restore
sage-grouse populations fit into a broader, multi-species approach to conservation.
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4.0 SUMMARY
4.1 GENERAL CONCLUSIONS
Grassland bird populations continue to decline faster than nearly any other group
of bird species in North America (Sauer et al. 2017). Habitat loss, alteration, and
fragmentation caused by agricultural production and oil and gas expansion on native
grasslands are key contributors to these declines and affect both breeding and wintering
habitats (Askins et al. 2007). In Canada there are six grassland songbird species at risk
identified by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) with the potential for more to be added in the future (Government of
Canada 2018). The protection of remaining native grassland and eventual efforts to
restore native prairie will have the strongest impact on grassland songbird conservation
(Askins et al. 2007). It is important also to understand the types of grassland
characteristics that each songbird species requires to ensure that these characteristics can
be maintained or created on the landscape using management regimes such as prescribed
burning or grazing. Grassland songbird habitat selection depends greatly on vegetation
structure (Rotenberry & Wiens 1980, Fisher & Davis 2010). Vegetation structure on the
North American prairies varies spatially and temporally and is influenced by primary
factors, such moisture and soil type, and further modified by secondary agents, such as
fire and grazing (Fuhlendorf & Engle 2001, Lipsey & Naugle 2017). This variation in
prairie vegetation can complicate conservation and management efforts directed towards
grassland songbirds at broader regional scales. Important questions to consider include
what is the breadth of conditions a species can tolerate with regards to vegetation
characteristics, are species selecting for the same breadths and types of vegetation
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characteristics at different areas throughout their geographic range, and is there potential
to create preferred conditions for a target species at specific areas of interest?
The different and often conflicting vegetation requirements of individual species
also further complicates grassland songbird conservation. Grassland songbirds occupy a
range of grassland types that vary from tall and dense (e.g., bobolink), moderate (e.g.,
Sprague’s pipit and Baird’s sparrow), and short and sparse (e.g., chestnut-collared and
McCowns longspurs) (Creighton & Baldwin 1974, Madden et al. 2000). Managing for
one of these species can have either positive, neutral, or negative effects on other
members of the grassland songbird community and it is important to understand how the
habitat requirements of multiple species are related. Conservation strategies directed
towards other wildlife species, such as greater sage-grouse, and the effects of these
strategies on grassland songbirds must also be considered. Identifying species with
similar habitat requirements may provide justification for managing for surrogate or
umbrella species that will aid in maximizing conservation resources by minimizing the
number of individual species that require direct management (Fleishman et al. 2000,
Andelman & Fagan 2000). In contrast, identifying species with opposing habitat
requirements will also assist conservation planning by identifying the range of habitat
conditions required to conserve songbird communities and how these habitat types could
be allocated throughout the landscape.
My objectives were to examine associations between individual grassland songbird
species and several vegetation characteristics at different points along a moisture
gradient, as well as examine the effect of conserving greater sage-grouse critical habitat
on endemic grassland songbirds in southwest Saskatchewan. In chapter 2, I determined
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whether associations between grassland songbirds and vegetation structure were
influenced by changes in vegetation structure created by a moisture gradient. I identified
several vegetation characteristics that influenced grassland songbird
abundance/occurrence and concluded that most of these associations did not change
along the moisture gradient; however, 12 of the 14 species I examined had at least one
association between abundance/occurrence and vegetation structure that did change
along the moisture gradient. Vegetation characteristics that were associated with
songbirds and most likely to have different effects along the moisture gradient were
measures of horizontal and vertical structure (i.e., live and dead grass cover, litter mass,
vegetation height, and visual obstruction). During instances where songbird/vegetation
associations changed along the moisture gradient, birds were typically associated with
taller and denser vegetation in shorter, sparser grasslands at the drier end of the moisture
gradient and shorter, sparser vegetation in taller, denser grasslands at the wetter end of
the moisture gradient. Although these songbird/vegetation relationships switched from
positive to negative as moisture increased from dry to wet along the gradient, mean
values for vegetation characteristics at point counts where bird species were detected
remained constant along the moisture gradient for most species. This suggests that
although vegetation characteristics are changing along the moisture gradient, grassland
songbirds are generally found in areas with similar vegetation structure throughout the
gradient. Given the lack of change in many bird-vegetation associations along the
moisture gradient I conclude that there is little need to develop separate management
targets for grassland songbird species throughout western Saskatchewan and that suitable
grassland patches for most species could be created along the moisture gradient with the
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aid of disturbances, such as fire and grazing. However, I also identified several
associations between songbirds and measures of horizontal and vertical vegetation
structure that warrant further investigation. As expected, I found that grassland songbirds
tolerate a specific range of conditions for each vegetation characteristic I measured.
When managing for specific vegetation characteristics that represent horizontal or
vertical structure to promote grassland songbirds, I recommend striving for vegetation
measures at the upper end of the spectrum tolerated by the target bird species in shorter,
sparser grasslands occurring in drier regions, and vegetation measures at the lower end of
the spectrum in taller, denser grasslands occurring in wetter regions.
In chapter 3, I evaluated the degree of overlap between endemic and generalist
grassland songbird species’ habitat requirements and greater sage-grouse critical habitat.
I compared grassland songbird abundance in sage-grouse critical habitat and within a
surrounding 1.6 km buffer. I also used vegetation characteristics that defined sage-grouse
critical habitat to describe any differences in songbird abundance that I observed. My
results showed that the abundance of all endemic grassland songbird species, except lark
bunting, were lower in sage-grouse critical habitat than the surrounding 1.6 km buffer.
All endemic grassland songbirds occurred within sage-grouse critical habitat, but lark
bunting was the only species likely to benefit from sage-grouse as an umbrella species. I
recommend that management directed towards all other grassland endemic songbirds
should be undertaken outside of sage-grouse critical habitat to avoid opposing
requirements between sage-grouse and grassland endemics. I found that shrub-tolerant
species and several grassland generalists also had positive or neutral associations with
the vegetation characteristics associated with sage-grouse critical habitat; therefore
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maintaining sage-grouse critical habitat in its existing state should contribute to the
conservation of these songbirds as well. Further research on the effects of restoration
activities, such as maximizing sagebrush growth in sage-grouse critical habitat, on
grassland songbirds is required. Sage-grouse critical habitat in its current state was
highly correlated with reduced proportions of native grass. Conversion of tame
grasslands back to native grasslands in sage-grouse critical habitat is one strategy that
may improve habitat for endemic grassland songbirds within sage-grouse critical habitat.
When developing conservation strategies for species at risk, practitioners must be
cognisant of how selection of important habitat variables and the preferred ranges of
these variables change throughout a species’ geographic range and how management
directed towards a single species can impact other wildlife within existing ecosystems.
Few researchers have included changes in habitat selection throughout large geographic
areas in their study design. Those that have examined changes in habitat selection along
environmental gradients or between regions have found that selection of habitat
characteristics does not remain constant (Fortin et al. 2008, Elrich et al. 2012, Boves et
al. 2013). My results also support the conclusion that associations between species and
vegetation characteristics remain constant across changing landscapes. However, I found
a limited number of grassland songbird associations with vegetation characteristics
changed throughout the moisture gradient and those that did often expressed weak shifts
in these relationships. Vegetation characteristics were quite different at upper and lower
ends of the moisture gradient, and the lack of changes to bird/vegetation association in
the presence of changing grassland conditions could be the result of the reduced
structural complexity of grassland habitats in comparison to other habitat types (e.g.,
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forests) (Wiens 1969) or the secondary influence of grazing on grassland patches (Lipsey
& Naugle 2017). Perhaps what is more important to management and conservation is the
effect that management directed towards one species has on co-occurring species.
Previous research has showed that enhancements to the habitat of a target species can
have both positive and negative impacts on other wildlife species occurring in the same
area (Simberloff 1998, Jones et al. 2004, Lukacs et al. 2015). My results also support that
grassland songbirds in southwestern Saskatchewan have unique vegetation structure
requirements and are likely to respond differently to habitat retention or enhancement
actions directed towards single species, such as greater sage-grouse. Identifying
surrogate or umbrella species to aid in the conservation of a broader community and
acknowledging and setting specific and realistic goals in separate areas for species with
different habitat requirements not captured by umbrella species appears to be a step in
the right direction.

4.2 MANAGEMENT IMPLICATIONS
 Grassland songbird species were found to occupy a wide range of grassland
conditions associated with each measure of vegetation structure I examined; however,
I observed upper and lower thresholds to most vegetation characteristics associated
with individual species and identified vegetation conditions within the tolerable range
of species where peak abundance/occurrence was predicted to take place (see
Appendix A-5 and section 2.3.2 in Results). This information can be used to guide
conservation efforts and create management targets on native rangelands and ideal
grassland conditions can be created for priority songbird species through the
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manipulation of livestock densities and grazing practices. Based on this information,
rangelands can be maintained within the tolerable range of vegetation characteristics
for desired species and at conditions that promote peak abundance/occurrence.
 Although the direction of the relationship of some associations between grassland
songbird abundance/occurrence and vegetation characteristics changed from positive
to negative along the moisture gradient, the actual grassland characteristics measured
at point-count locations where birds were detected remained constant. Therefore, the
same management targets for grassland songbird species can be used throughout the
western half of the Saskatchewan prairies where my study was conducted. My study
area was influenced largely by a north-south moisture gradient where precipitation
increased from the Canada-United States border north to the Aspen Parkland
ecoregion. A similar moisture gradient exists in an east-west direction throughout the
prairies and if associations between grassland songbird abundance/occurrence and
vegetation characteristics also respond in a similar manner along the east-west
gradient, the same management targets are likely to apply throughout the Canadian
prairies.
 Each grassland songbird has its own unique affinities and thresholds to different
measures of vegetation structure. Some species, such as Baird’s sparrow and
Sprague’s pipit, had large overlap in terms of the range of vegetation characteristics
they were associated with, while other species expressed very different vegetation
requirements (e.g., McCown’s longspur and bobolink). My results aid in identifying
which species would benefit from conservation measures directed towards a particular
species at risk, while at the same time identifying species at risk that would require
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additional management in separate areas or regions. The protection of greater sagegrouse critical habitat is likely to benefit lark bunting and songbirds that are grassland
generalists or associated with shrubs and sagebrush, but not other songbird species at
risk, such as Sprague’s pipit, Baird’s sparrow, chestnut-collared longspur, McCown’s
longspur, and bobolink.
 Efforts to improve sagebrush habitats within greater sage-grouse critical habitat are
likely to further limit the use of these areas by Sprague’s pipit and Baird’s sparrow,
chestnut-collared longspur, McCown’s longspur, and bobolink, because of their
avoidance of woody vegetation. Greater sage-grouse critical habitat was also
characterized by a lower proportion of native grass cover than the surrounding 1.6 km
buffer. One way to potentially improve the suitability of greater sage-grouse critical
habitat for at least some of these grassland songbird species at risk is to convert tame
grasslands back to grasslands containing native species in these areas. This would
likely have greater benefits to songbirds with strong associations to native grasslands,
such as Sprague’s pipit and Baird’s sparrow.
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Appendix A-1 Grassland songbird abundance (mean ± standard error) and frequency of
occurrence (provided in parentheses) in southwestern Saskatchewan, 2016 and 2017.
Mean Abundance
& Frequency
(%) 2016

Mean Abundance
& Frequency
(%) 2017

Mean Abundance
& Frequency
(%) Total

Horned Lark

2.2 ± 0.1 (24)

2.0 ± 0.1 (21)

2.1 ± 0.1 (23)

Sprague’s Pipit

1.4 ± 0.0 (50)

1.5 ± 0.0 (44)

1.5 ± 0.0 (47)

Chestnut-collared
Longspur

3.4 ± 0.1 (30)

3.5 ± 0.1 (34)

3.5 ± 0.1 (32)

McCown’s Longspur

1.4 ± 0.2 (2)

1.5 ± 0.2 (3)

1.5 ± 0.1 (3)

Clay-colored
Sparrow

2.0 ± 0.1 (45)

2.1 ± 0.1 (36)

2.0 ± 0.0 (41)

Brewer’s Sparrow

1.4 ± 0.1 (7)

1.7 ± 0.2 (4)

1.5 ± 0.1 (6)

Vesper Sparrow

1.4 ± 0.0 (22)

1.5 ± 0.1 (19)

1.4 ± 0.0 (21)

Lark Bunting

3.2 ± 0.2 (15)

2.1 ± 0.5 (1)

3.1 ± 0.2 (8)

Savannah Sparrow

2.2 ± 0.0 (67)

1.9 ± 0.1 (50)

2.1 ± 0.0 (59)

Grasshopper
Sparrow

1.4 ± 0.0 (20)

1.5 ± 0.1 (20)

1.5 ± 0.0 (20)

Baird’s Sparrow

1.8 ± 0.0 (47)

2.0 ± 0.0 (57)

1.9 ± 0.0 (52)

Bobolink

1.6 ± 0.2 (3)

1.6 ± 0.2 (3)

1.6 ± 0.2 (3)

Western
Meadowlark

1.5 ± 0.0 (40)

1.8 ± 0.0 (51)

1.6 ± 0.0 (45)

Brown-headed
Cowbird

1.6 ± 0.1 (12)

1.5 ± 0.1 (11)

1.5 ± 0.1 (12)

Species
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Appendix A-2 Results from univariate analysis of vegetation variables and moisture
gradient indices for each songbird species with 95% confidence intervals. The default yaxis in plot.gam is centered on the scale of the linear predictor.
Horned Lark
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Sprague’s Pipit

146

Chestnut-collared Longspur

147

McCown’s Longspur

148

Clay-colored Sparrow

149

Brewer’s Sparrow

150

Vesper Sparrow

151

Lark Bunting

152

Savannah Sparrow

153

Grasshopper Sparrow

154

Baird’s Sparrow

155

Bobolink

156

Western Meadowlark

157

Brown-headed Cowbird
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Appendix A-3 Grassland songbird abundance (mean ± SE) and frequency of occurrence
(% - provided in parentheses) for each prairie ecoregion in all years combined.
Mixed
Grassland

Moist Mixed
Grassland

Aspen
Parkland

Horned Lark

2.1 ± 0.1 (27)

1.0 ± 0.0 (1)

1.0 ± 0.0 (2)

Sprague’s Pipit

1.4 ± 0.0 (50)

1.5 ± 0.1 (39)

1.5 ± 0.1 (26)

Chestnut-collared
Longspur

3.4 ± 0.1 (38)

0.0 ± 0.0 (0)

0.0 ± 0.0 (0)

McCown’s Longspur

1.5 ± 0.1 (3)

0.0 ± 0.0 (0)

0.0 ± 0.0 (0)

Clay-colored Sparrow

1.8 ± 0.0 (34)

2.5 ± 0.1 (69)

2.5 ± 0.2 (80)

Brewer’s Sparrow

1.5 ± 0.1 (7)

0.0 ± 0.0 (0)

0.0 ± 0.0 (0)

Vesper Sparrow

1.4 ± 0.0 (18)

1.4 ± 0.1 (36)

1.4 ± 0.2 (22)

Lark Bunting

3.2 ± 0.2 (10)

0.0 ± 0.0 (0)

0.0 ± 0.0 (0)

Savannah Sparrow

2.1 ± 0.0 (58)

2.1 ± 0.1 (62)

2.1 ± 0.1 (69)

Grasshopper Sparrow

1.5 ± 0.0 (22)

1.4 ± 0.1 (14)

1.0 ± 0.0 (2)

Baird’s Sparrow

1.9 ± 0.0 (59)

1.5 ± 0.7 (29)

1.0 ± 0.0 (2)

Bobolink

1.5 ± 0.2 (3)

2.2 ± 0.4 (3)

1.5 ± 0.5 (2)

Western Meadowlark

1.7 ± 0.0 (48)

1.3 ± 0.1 (32)

1.4 ± 0.1 (33)

Brown-headed Cowbird

1.6 ± 0.1 (13)

1.3 ± 0.3 (7)

1.6 ± 0.2 (8)

Species
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Appendix A-4 GAM results for top models for each target species (edf = estimated
degrees of freedom, Ref.df = upper limit for degrees of freedom, Chi.squ = chi square
value, LAT = latitude, BP = breeding precipitation, PBP = pre-breeding precipitation,
CSM = conserved soil moisture, G = ground cover, CP = cow-pie cover, LG = live grass
cover, DG = dead grass cover, NG = percent native grass, S = shrub cover, VH =
vegetation height, VOR = visual obstruction reading, LM = litter mass).

Species
Horned Lark

Sprague’s
Pipit

Vegetation
Variable
LAT
VOR
LATxVOR
G
LM
LATxLM
VH
LATxVH
S
LATxS
DG
LG
LATxLG
NG
LATxNG
PBP
S
PBPxS
LG
VH
VOR
PBPxVOR
G
PBPxG
DG
PBPxDG
NG
CP
LM
PBPxLM

edf
0.99
1.92
< 0.01
< 0.01
0.68
1.91
0.89
< 0.01
0.88
1.68
0.91
< 0.001
< 0.001
0.56
< 0.001
3.98
4.05
2.16
3.32
2.49
0.94
< 0.01
2.84
5.04
1.58
5.56
1.73
1.2
< 0.01
1.68

Ref.df
9
4
16
4
4
16
4
16
4
16
4
4
16
4
16
9
9
16
9
9
4
16
9
16
4
16
4
4
4
16
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Chi.sq
92.09
59.36
0.00
0.00
1.99
10.27
7.85
0.00
6.71
4.01
9.97
0.00
0.00
1.31
0.00
24.59
28.75
7.79
23.14
13.79
15.674
0.00
23.56
24.19
3.67
20.95
15.27
5.16
0.00
14.14

p-value
< 0.001
< 0.001
0.547
0.834
0.065
< 0.001
0.003
0.448
0.003
0.049
< 0.001
0.368
0.384
0.124
0.511
< 0.001
< 0.001
0.011
< 0.001
< 0.001
2.75e-05
0.51
< 0.001
< 0.001
0.072
< 0.001
< 0.001
0.015
0.61
< 0.001

Species
Chestnutcollared
Longspur

McCown’s
Longspur

Vegetation
Variable
LAT
G
VOR
S
LATxS
LM
LATxLM
VH
LATxVH
DG
LATxDG
LG
NG
LATxNG
CP
PBP
G
VOR
PBPxVOR
LM
PBPxLM
DG
PBPxDG
VH
PBPxVH
LG
NG
S
CP

edf
3.57
0.94
< 0.01
< 0.01
0.98
0.58
3.71
2.06
3.86
< 0.01
6.3
6.63
< 0.01
6.66
1.27
< 0.01
2.01
0.53
1.42
< 0.01
0.44
0.51
2.08
0.93
< 0.01
< 0.01
0.77
< 0.01
< 0.01

Ref.df
9
9
4
4
16
4
16
9
16
4
16
9
4
16
4
9
4
9
13
4
13
4
13
4
16
4
4
4
4
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Chi.sq
93.73
15.82
0.00
0.00
14.53
1.21
15.27
6.92
13.2
0.00
22.13
65.97
0.00
20.83
5.19
0.00
18.68
0.68
11.69
0.00
0.55
1.16
18.18
2.68
0.00
0.00
2.65
0.00
0.00

p-value
< 0.001
< 0.001
0.419
0.595
< 0.001
0.057
< 0.001
< 0.001
< 0.001
0.242
< 0.001
< 0.001
0.669
< 0.001
0.019
1.00
< 0.001
0.226
< 0.001
0.815
0.203
0.121
< 0.001
0.052
0.363
0.411
0.062
1.00
0.727

Species
Clay-colored
Sparrow

Brewer’s
Sparrow

Vesper
Sparrow

Lark Bunting

Vegetation
Variable
LAT
G
S
LATxS
VOR
LATxVOR
VH
LATxVH
LM
LATxLM
NG
LATxNG
CP
LG
LATxLG
DG
LATxDG
LAT
G
VOR
LM
CP
VH
DG
LG
PBP
DG
PBPxDG
S
LM
LG
VH
BP
G
VOR
VH
DG
LM
LG
S

edf
3.31
1.34
3.96
< 0.01
2.1
1.38
1.38
< 0.01
1.51
< 0.01
0.85
0.74
0.85
< 0.01
< 0.01
< 0.01
7.29
0.96
< 0.01
0.6
< 0.01
1.87
0.91
3.5
< 0.01
2.19
0.87
2.61
1.96
0.6
0.81
1.09
4.77
2.93
0.83
< 0.01
< 0.01
0.15
< 0.01
0.817

Ref.df
9
4
9
16
4
16
4
16
4
16
4
16
4
4
16
4
16
9
4
4
4
4
9
9
4
9
4
16
4
4
4
4
9
9
4
4
4
4
4
4
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Chi.sq
111.16
12.47
62.26
0.00
16.67
6.9
3.34
0.00
5.8
0.00
1.44
2.9
5.51
0.00
0.00
0.00
18.74
21.69
0.00
1.46
0.00
9.77
9.92
34.69
0.00
11.14
6.74
19.85
19.61
0.97
4.24
2.93
130.89
39.95
4.79
0.00
0.00
0.18
0.00
4.72

p-value
< 0.001
< 0.001
< 0.001
1.00
< 0.001
0.005
0.071
0.671
0.017
0.875
0.161
0.032
0.01
0.657
0.747
1.00
0.004
< 0.001
0.287
0.103
0.533
0.004
< 0.001
< 0.001
0.572
0.002
0.003
< 0.001
< 0.001
0.176
0.019
0.059
< 0.001
< 0.001
0.014
0.489
0.837
0.27
0.545
0.014

Species
Savannah
Sparrow

Grasshopper
Sparrow

Baird’s
Sparrow

Vegetation
Variable
BP
G
LM
BPxLM
VOR
DG
VH
LG
NG
BPxNG
PBP
VH
PBPxVH
G
LG
DG
PBPxDG
S
CP
VOR
PBPxVOR
LM
PBPxLM
NG
PBPxNG
LAT
S
LATxS
DG
VOR
VH
LATxVH
CP
NG
LATxNG
LM
G
LG
LATxLG

edf
6.17
1.98
0.87
2.35
0.9
2.32
1.75
< 0.01
< 0.01
2.03
7.14
2.85
1.73
1.15
2.16
1.75
< 0.01
0.889
0.4
< 0.01
1.7
0.75
1.82e-04
0.725
4.86
6.7
1.94
2.07
1.59
2.96
< 0.01
5.11
0.84
< 0.01
1.25
0.58
0.89
0.22
3.06

Ref.df
9
4
4
16
4
9
4
4
4
16
9
9
16
9
4
4
16
4
4
4
16
4
16
4
16
9
9
16
4
9
4
16
4
4
16
4
4
4
16
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Chi.sq
77.25
19.5
6.74
5.02
4.24
19.33
5.16
0.00
0.00
3.81
89.93
47.15
12.17
1.94
15.68
8.59
0.00
7.74
0.65
0.00
9.34
1.44
0.00
2.25
20.73
122.98
54.71
7.37
5.45
9.93
0.00
20.03
5.25
0.00
4.22
1.37
7.72
0.27
15.22

p-value
< 0.001
< 0.001
0.004
0.06
0.016
< 0.001
0.033
1.00
0.582
0.09
< 0.001
< 0.001
< 0.001
0.134
< 0.001
1.07e-03
0.85
0.001
0.201
0.319
0.002
0.135
0.886
0.069
< 0.001
< 0.001
< 0.001
< 0.001
0.02
0.006
0.557
< 0.001
0.012
0.641
0.033
0.116
0.001
0.24
< 0.001

Species
Bobolink

Western
Meadowlark

Brown-headed
Cowbird

Vegetation
Variable
CSM
VOR
VH
G
CSMxG
DG
CSMxDG
LM
LG
CSMxLG
NG
CSM
VOR
LM
CSMxLM
S
G
DG
VH
CSMxVH
NG
CSMxNG
LAT
S
NG
LATxNG

edf
< 0.01
0.87
1.49
< 0.01
1.97
0.71
1.41
< 0.01
1.85
0.94
< 0.01
8.59
0.90
1.7
5.16
0.76
0.97
< 0.01
0.74
3.06
1.42
1.63
4.43
1.56
< 0.01
4.07

Ref.df
9
4
4
4
16
4
16
4
4
16
4
9
4
9
16
4
4
4
4
16
4
16
9
4
4
16
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Chi.sq
0.00
6.85
4.2
0.00
17.49
2.32
7.02
0.00
8.02
1.86
0.00
104.59
8.46
19.62
16.39
3.11
28.42
0.00
2.89
2.89
4.61
5.23
20.6
6.82
0.00
11.01

p-value
0.847
0.003
0.046
0.37
< 0.001
0.059
0.006
1.00
0.007
0.116
0.489
< 0.001
< 0.001
< 0.001
0.002
0.038
< 0.001
0.426
0.041
0.009
0.035
0.03
< 0.001
0.011
0.375
0.013

Appendix A-5 Vegetation characteristics at point-count stations where target songbirds
were present and absent.
Horned Lark
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
40.4 ± 19.4
20.9 ± 10.0
86.9 ± 24.3
22.9 ± 14.1
2.7 ± 5.3
12.6 ± 4.6
30.0 ± 38.6
3.9 ± 2.4
0.3 ± 0.5

Range
0.0-93.2
0.8-56.7
0.0-100.0
1.8-76.3
0.0-38.3
1.8-32.2
0.0-305.5
1.0-18.2
0.0-2.6

Not Detected
Mean ± SD Range
19.7 ± 18.9 0.0-86.8
25.4 ± 12.1 0.0-74.2
78.4 ± 31.5 0.0-100.0
32.9 ± 17.7 0.0-81.5
9.0 ± 13.7
0.0-90.8
16.5 ± 8.1
1.6-65.2
75.2 ± 74.6 0.0-529.2
7.8 ± 4.9
1.0-35.0
0.3 ± 0.6
0.0-4.7

Sprague’s Pipit
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD Range
23.7 ± 18.7 0.0-82.0
24.6 ± 10.6 2.7-60.0
83.8 ± 25.9 0.0-100.0
32.7 ± 17.1 0.0-79.7
5.6 ± 10.1
0.0-89.0
15.5 ± 6.4
2.0-65.2
64.0 ± 67.6 0.0-410.1
6.3 ± 3.8
1.1-21.7
0.3 ± 0.5
0.0-4.7

Not Detected
Mean ± SD Range
25.1 ± 22.6 0.0-93.2
24.3 ± 12.9 0.0-74.2
77.3 ± 33.3 0.0-100.0
28.8 ± 17.6 0.0-81.5
9.3 ± 14.1
0.0-90.8
15.7 ± 8.5
1.6-57.6
66.0 ± 73.4 0.0-529.2
7.4 ± 5.4
1.0-35.0
0.3 ± 0.6
0.0-4.1

Chestnut-collared Longspur
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD Range
38.2 ± 19.5 0.0-82.5
21.3 ± 9.7
5.0-61.7
89.0 ± 21.3 0.0-100.0
24.9 ± 15.2 1.8-76.2
2.6 ± 4.7
0.0-34.0
12.7 ± 4.5
1.8-30.0
34.2 ± 42.7 0.0-316.2
4.3 ± 2.4
1.0-14.3
0.3 ± 0.4
0.0-2.4

Not Detected
Mean ± SD Range
18.0 ± 18.2 0.0-93.2
25.8 ± 12.4 0.0-74.2
76.3 ± 32.8 0.0-100.0
33.3 ± 17.8 0.0-81.5
9.9 ± 14.3
0.0-90.8
16.9 ± 8.3
1.6-65.2
79.3 ± 76.4 0.0-529.2
8.1 ± 5.1
1.0-35.0
0.3 ± 0.6
0.0-4.7
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McCown’s Longspur
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD Range
54.6 ± 15.0 5.7-74.6
15.5 ± 6.4
5.8-29.5
96.1 ± 11.6 43.8-100.0
15.1 ± 1.0
3.5-46.7
2.9 ± 7.0
0.0-41.3
11.6 ± 5.0
3.2-31.3
12.8 ± 29.5 0.0-174.4
2.7 ± 2.5
1.2-17.4
0.3 ± 0.3
0.0-1.2

Clay-colored Sparrow
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD Range
15.0 ± 16.2 0.0-82.5
26.2 ± 12.0 0.0-74.2
73.2 ± 33.3 0.0-100.0
32.0 ± 17.2 0.0-78.3
13.1 ± 16.1 0.0-90.8
18.0 ± 9.1
1.6-65.2
80.1 ± 74.5 0.0-529.2
9.1 ± 5.6
1.0-35.0
0.4 ± 0.6
0.0-4.7

Not Detected
Mean ± SD Range
30.8 ± 21.3 0.0-93.2
23.2 ± 11.5 0.0-72.0
85.2 ± 26.8 0.0-100.0
29.7 ± 17.6 0.0-81.5
3.8 ± 7.3
0.0-53.3
14.0 ± 5.8
1.8-45.0
54.6 ± 66.1 0.0-448.8
5.4 ± 3.4
1.0-25.4
0.3 ± 4.1
0.0-4.1

Brewer’s Sparrow
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
40.2 ± 18.8
21.3 ± 1.9
82.7 ± 26.9
18.0 ± 10.5
6.3 ± 11.9
14.6 ± 7.5
31.2 ± 33.0
4.9 ± 4.6
0.3 ± 0.3

Not Detected
Mean ± SD Range
23.5 ± 20.6 0.0-93.2
24.6 ± 11.9 0.0-74.2
80.2 ± 30.4 0.0-100.0
31.4 ± 17.5 0.0-81.5
7.7 ± 12.6
0.0-90.8
15.7 ± 7.6
1.6-65.2
67.0 ± 71.8 0.0-529.2
7.0 ± 4.8
1.0-35.0
0.3 ± 0.6
0.0-4.7
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Range
0.0-79.2
5.8-50.5
0.0-100.0
2.5-54.3
0.0-84.0
5.2-57.6
0.0-171.7
1.2-33.6
0.0-1.0

Not Detected
Mean ± SD Range
23.6 ± 20.4 0.0-93.2
24.6 ± 11.9 0.0-74.2
80.0 ± 30.4 0.0-100.0
31.0 ± 17.4 0.0-81.5
7.7 ± 12.6
0.0-90.8
15.7 ± 7.6
1.6-65.2
66.4 ± 71.0 0.0-529.2
7.0 ± 4.8
1.0-35.0
0.3 ± 0.5
0.0-4.7

Detected
Not Detected
Vesper Sparrow
Habitat Variable
Mean ± SD Range
Mean ± SD Range
Ground Cover (%)
25.3 ± 20.9 0.0-86.2
24.2 ± 20.9 0.0-93.2
Live Grass (%)
22.6 ± 11.8 0.0-60.0
24.9 ± 11.8 0.8-74.2
Grass Proportion – Native (%) 79.4 ± 29.8 0.0-100.0 80.6 ± 30.3 0.0-100.0
Dead Grass (%)
27.0 ± 16.2 0.0-79.7
31.6 ± 17.6 0.0-81.5
Shrub (%)
11.3 ± 16.5 0.0-90.8
6.6 ± 11.1
0.0-89.0
Vegetation Height (cm)
15.3 ± 8.5
1.9-57.6
15.7 ± 7.3
1.6-65.2
2
Litter Mass (g/m )
57.5 ± 68.2 0.0-529.2 67.0 ± 71.3 0.0-471.6
Visual Obstruction (cm)
7.0 ± 5.4
1.0-35.0
6.9 ± 4.6
1.0-32.3
Cow Pie (%)
0.4 ± 0.6
0.0-3.0
0.3 ± 0.5
0.0-4.7
Lark Bunting
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
36.2 ± 19.5
22.5 ± 9.7
82.1 ± 26.7
22.2 ± 14.4
5.5 ± 10.2
12.0 ± 5.3
48.3 ± 50.9
4.6 ± 2.9
0.3 ± 0.6

Range
0.0-82.5
2.8-53.2
0.0-100.0
1.8-75.0
0.0-89.0
1.8-29.6
0.0-305.5
1.0-15.2
0.0-4.1

Not Detected
Mean ± SD Range
23.3 ± 20.6 0.0-93.2
24.6 ± 12.0 0.0-74.2
80.2 ± 30.5 0.0-100.0
31.4 ±17.5 0.0-81.5
7.8 ± 12.7
0.0-90.8
15.9 ± 7.7
1.6-65.2
66.5 ± 72.1 0.0-529.2
7.1 ± 4.9
1.0-35.0
0.3 ± 0.5
0.0-4.7

Savannah Sparrow
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
19.0 ± 18.1
25.9 ± 11.7
78.8 ± 30.9
34.3 ± 17.3
7.6 ± 11.7
16.3 ± 7.3
81.6 ± 78.3
7.7 ± 4.7
0.3 ± 0.5

Range
0.0-79.7
1.5-74.2
0.0-100.0
0.0-78.2
0.0-90.8
1.6-56.2
0-529.2
1.0-35.0
0.0-4.7

Not Detected
Mean ± SD Range
32.3 ±22.0 0.0-93.2
22.3 ± 11.7 0.0-61.7
83.1 ± 29.0 0.0-100.0
25.3 ± 16.3 0.0-81.5
7.6 ± 13.6
0.0-89.0
14.6 ± 7.9
1.8-65.2
41.0 ± 49.0 0.0-360.4
5.9 ± 4.7
1.0-33.6
0.3 ± 0.5
0.0-4.1
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Grasshopper Sparrow
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
23.8 ± 17.6
25.0 ± 10.2
83.0 ± 26.9
31.6 ± 16.1
6.0 ± 9.8
16.6 ± 6.6
69.1 ± 71.0
7.1 ± 4.4
0.3 ± 0.5

Baird’s Sparrow
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
24.3 ± 19.3
24.8 ± 11.7
84.0 ± 27.1
33.3 ± 17.1
5.0 ± 9.1
15.2 ± 6.5
66.7 ± 68.7
6.6 ± 4.0
0.3 ± 0.4

Bobolink
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
11.4 ± 12.0
30.0 ± 11.1
64.7 ± 38.0
40.6 ± 19.9
5.6 ± 10.0
20.8 ± 7.0
111.1 ± 97.1
10.9 ± 5.2
0.2 ± 0.5
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Range
0.0-72.3
4.2-60.0
0.0-100.0
1.5-79.7
0.0-55.0
3.0-45.7
0.0-390.9
1.2-26.8
0.0-3.6

Not Detected
Mean ± SD Range
24.6 ± 21.6 0.0-93.2
24.3 ±12.2 0.0-74.2
79.7 ± 31.0 0.0-100.0
30.4 ± 17.8 0.0-81.5
8.0 ± 13.1
0.0-90.8
15.3 ± 7.8
1.6-65.2
64.0 ± 71.0 0.0-529.2
6.9 ± 4.8
1.0-35.0
0.3 ± 0.6
0.0-4.7

Range
0.0-82.0
2.0-72.0
0.0-100.0
0.0-81.5
0.0-90.8
3.0-65.2
0.0-447.1
1.1-34.6
0.0-3.6

Not Detected
Mean ± SD Range
24.5 ± 22.4 0.0-93.2
24.0 ± 12.0 0.0-74.2
76.4 ± 32.9 0.0-100.0
27.7 ± 17.3 0.0-78.3
10.4 ± 15.0 0.0-89.0
16.0 ± 8.6
1.6-57.6
63.2 ± 72.9 0.0-529.2
7.2 ± 5.5
1.0-35.0
0.4 ± 0.6
0.0-4.7

Range
0.0-45.8
6.8-67.5
0.0-100.0
1.7-78.3
0.0-40.8
7.7-36.8
0.0-471.6
2.8-25.7
0.0-2.1

Not Detected
Mean ± SD Range
24.8 ± 20.9 0.0-93.2
24.2 ± 1.8
0.0-74.2
80.8 ± 29.8 0.0-100.0
30.3 ± 17.3 0.0-81.5
7.6 ± 12.6
0.0-90.8
15.4 ± 7.6
1.6-65.2
63.6 ± 69.4 0.0-29.2
6.8 ± 4.7
1.0-35.0
0.3 ± 0.5
0.0-4.7

Western Meadowlark
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
24.0 ± 19.7
25.2 ± 11.8
79.4 ± 30.9
31.7 ± 17.3
6.1 ± 10.7
15.1 ± 6.9
57.1 ± 59.7
6.3 ± 4.1
0.3 ± 0.5

Brown-headed Cowbird
Habitat Variable
Ground Cover (%)
Live Grass (%)
Grass Proportion – Native (%)
Dead Grass (%)
Shrub (%)
Vegetation Height (cm)
Litter Mass (g/m2)
Visual Obstruction (cm)
Cow Pie (%)

Detected
Mean ± SD
23.2 ± 21.1
24.2 ± 11.7
82.1 ± 26.5
29.7 ± 17.7
10.1 ± 13.6
16.8 ± 8.9
64.2 ± 72.1
7.7 ± 5.6
0.3 ± 0.5
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Range
0.0-93.2
0.0-74.2
0.0-100.0
0.0-78.2
0.0-89.0
1.8-57.6
0.0-393.8
1.0-33.6
0.0-4.0

Not Detected
Mean ± SD Range
24.7 ± 21.7 0.0-88.3
23.8 ± 11.9 0.0-67.5
81.2 ± 29.6 23.8-100.0
29.8 ± 17.5 0.0-81.5
8.8 ± 13.8
0.0-90.8
16.0 ± 8.1
1.6-65.2
71.5 ± 78.0 0.0-0.529.2
7.4 ± 5.2
1.0-35.0
0.3 ± 0.6
0.0-4.7

Range
0.0-93.2
0.8-60.0
0.0-100.0
1.5-76.3
0.0-84.0
2.0-65.2
0.0-471.6
1.0-33.6
0.0-4.0

Not Detected
Mean ± SD Range
24.6 ± 20.8 0.0-88.3
24.4 ± 11.8 0.0-74.2
80.1 ± 30.7 0.0-100.0
30.8 ± 17.4 0.0-81.5
7.2 ± 12.4
0.0-90.8
15.4 ± 7.4
1.5-56.2
65.1 ± 70.6 0.0-529.2
6.8 ± 4.6
1.0-35.0
0.3 ± 0.5
0.0-4.7

Appendix A-6 Maps of precipitation data from weather stations near study blocks including
breeding season precipitation, pre-breeding season precipitation, and conserved soil moisture
(CSM). Weather station precipitation values are provided as means for the two-year study period
and average annual precipitation represents the average annual value over a 30-year period
(Environment Canada 2018).
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Appendix A-7 Overlap in vegetation characteristics used by songbirds at upper and lower ends of the moisture gradient. Calculated as
the mean value of vegetation characteristics where a species occurred at upper and lower quartiles of the moisture gradient where
species was detected (95% confidence intervals are provided in parentheses).

Species
Horned Lark
Sprague’s Pipit

Chestnut-collared
Longspur

McCown’s Longspur
Clay-colored Sparrow

Vesper Sparrow

Vegetation
Characteristic
Shrub Cover (%)
Litter Mass (g/m2)
Shrub Cover (%)
Bare Ground Cover (%)
Dead Grass Cover (%)
Litter Mass (g/m2)
Shrub Cover (%)
Litter Mass (g/m2)
Vegetation Height (cm)
Dead Grass Cover (%)
Percent Native Grass
Visual Obstruction (cm)
Dead Grass Cover
Visual Obstruction (cm)
Percent Native Grass
Dead Grass Cover (%)
Dead Grass Cover (%)

Mean
Lower 25%
of detections
2 (1, 3)
16 (16, 16)

Mean
Upper 25%
of detections
2 (1, 4)
32 (32, 48)

Mean
Lower 25% of
non-detections
3 (2, 3)
48 (32, 48)

Mean
Upper 25% of
non-detections
10 (9, 11)
80 (80, 96)

7 (5, 8)
15 (13, 17)
40 (37,42)
96 (96, 112)
2 (1, 2)
16 (16, 32)
13 (12, 13)
19 (17, 21)
90 (87, 93)
2 (2, 3)
13 (11, 14)
7 (6, 8)
82 (78, 87)
27 (25, 30)

5 (4,7)
28 (25, 31)
29 (27, 31)
48 (32, 48)
3 (2, 4)
48 (32, 48)
12 (11,13)
30 (27, 33)
87 (82, 91)
2 (2, 3)
16 (10, 22)
9 (8, 10)
57 (51, 63)
33 (30, 36)

10 (8, 11)
16 (14, 18)
34 (32, 36)
80 (80, 96)
4 (2, 5)
48 (32, 48)
13 (12, 14)
30 (26, 35)
85 (77, 93)
6 (4, 9)
27 (20, 33)
5 (4, 5)
89 (87, 91)
26 (25, 27)

7 (6, 8)
28 (25, 30)
28 (26, 30)
48 (48, 64)
11 (10, 12)
80 (80, 96)
17 (17, 18)
34 (33, 36)
73 (71, 76)
4 (4, 5)
25 (22, 27)
7 (6, 9)
45 (33, 57)
36 (31, 41)

26 (22, 29)

30 (27, 34)

35 (33, 36)

27 (26, 29)
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Species
Savannah Sparrow
Grasshopper Sparrow

Baird’s Sparrow

Bobolink
Western Meadowlark

Brown-headed Cowbird

Vegetation
Characteristic
Litter Mass (g/m2)
Vegetation Height (cm)
Visual Obstruction (cm)
Percent Native Grass
Shrub Cover (%)
Vegetation Height (cm)
Percent Native Grass
Live Grass Cover (%)
Bare Ground Cover (%)
Dead Grass Cover (%)
Visual Obstruction (cm)
Shrub Cover (%)
Percent Native Grass
Live Grass Cover (%)
Percent Native Grass

Mean
Lower 25%
of detections
48 (48, 64)

Mean
Upper 25%
of detections
96 (80, 96)

Mean
Lower 25% of
non-detections
16 (16, 32)

Mean
Upper 25% of
non-detections
48 (32, 48)

18 (16, 19)
8 (7, 9)
80 (74, 85)

17 (15, 18)
7 (6, 8)
93 (90, 97)

18 (17, 19)
9 (8, 9)
75 (71, 78)

14 (14, 15)
6 (6, 7)
85 (83, 88)

4 (3,5)
14 (13, 15)
86 (82, 89)
21 (20, 22)
6 (2, 11)
51 (42, 60)
5 (5, 6)
5 (4, 7)
92 (89, 95)
20 (18, 22)
79 (71, 88)

9 (7, 10)
18 (16, 19)
72 (67, 77)
32 (30, 33)
14 (9, 37)
30 (3, 57)
6 (5, 7)
6 (4, 7)
69 (63, 74)
27 (25, 28)
70 (61, 79)

6 (4, 7)
13 (13, 14)
86 (82, 90)
18 (16, 20)
23 (20, 25)
34 (32, 36)
5 (5, 6)
5 (4, 6)
90 (87, 94)
18 (16, 19)
87 (84, 89)

15 (13, 17)
19 (18, 20)
64 (60, 68)
27 (26, 28)
34 (32, 36)
23 (22, 25)
7 (7, 8)
9 (7, 11)
82 (78, 85)
26 (25, 28)
58 (54, 62)
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Appendix B-1 Model outputs for all models used to determine the associations between
grassland songbird abundance and sage-grouse critical habitat attributes. K is the number of
model parameters, AIC is Akaike’s Information Criterion, ∆AIC is the scaled value of AIC, w is
the Akaike weight, and logLik is the model log-likelihood. CritHab represents sage-grouse
critical habitat; DistCH is distance to sage-grouse critical habitat; Sagebrush is sagebrush cover;
and Sagebrush^2 represents a polynomial relationship with sagebrush cover. Plus and minus
signs in the model indicate significant positive or negative relationships.

Horned Lark
Sagebrush
CritHab Sagebrush
Sagebrush^2
DistCH Sagebrush
CritHab Sagebrush^2
CritHab DistCH Sagebrush
DistCH Sagebrush^2
Null
CritHab DistCH Sagebrush^2
CritHab
DistCH
CritHab DistCH
Sprague’s Pipit
CritHab Sagebrush
CritHab DistCH Sagebrush
CritHab Sagebrush^2
CritHab DistCH Sagebrush^2
DistCH Sagebrush
Sagebrush
CritHab
DistCH Sagebrush^2
Sagebrush^2
CritHab DistCH
DistCH
Null

logLik

K

∆AIC

w

-469.8
-469.1
-469.6
-469.7
-469.0
-469.1
-469.6
-472.8
-469.0
-472.8
-472.8
-472.7

1
2
2
2
3
3
3
0
4
1
1
2

0.0a
0.7
1.7
1.8
2.5
2.6
3.5
4.1
4.5
5.9
6
7.8

0.28
0.20
0.12
0.11
0.08
0.07
0.05
0.4
0.03
0.01
0.01
< 0.01

-429.2
-429.1
-429.2
-429.1
-432.4
-433.8
-434.2
-432.4
-433.6
-434.1
-440.8
-444.0

2
3
3
4
2
1
1
3
2
2
1
0

0.0
1.8
2.0
3.8
6.5
7.3
8.2
8.4
8.9
9.8
21.4
23.8

0.49
0.20
0.18
0.07
0.02
0.01
0.01
0.01
0.01
< 0.01
< 0.01
< 0.01
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Chestnut-collared Longspur
DistCH Sagebrush^2
CritHab DistCH Sagebrush^2
DistCH Sagebrush
CritHab DistCH Sagebrush
CritHab DistCH
DistCH
CritHab Sagebrush^2
CritHab Sagebrush
Sagebrush^2
Sagebrush
CritHab
Null
Clay-colored Sparrow
CritHab Sagebrush
Sagebrush
DistCH Sagebrush
CritHab DistCH Sagebrush
CritHab Sagebrush^2
Sagebrush^2
DistCH Sagebrush^2
CritHab DistCH Sagebrush^2
CritHab
CritHab DistCH
DistCH
Null
Brewer’s Sparrow
Sagebrush^2
Sagebrush
CritHab Sagebrush^2
DistCH Sagebrush^2
DistCH Sagebrush
Null
CritHab Sagebrush
CritHab DistCH Sagebrush^2
DistCH
CritHab
CritHab DistCH Sagebrush
CritHab DistCH

logLik

K

∆AIC

w

-629.9
-629.1
-632.7
-632.1
-635.8
-638.1
-637.6
-639.8
-643.3
-644.8
-644.9
-657.4

3
4
2
3
2
1
3
2
2
1
1
0

0.0
0.4
3.5
4.4
9.9
12.3
15.4
17.8
24.8
25.9
26.0
49.1

0.48
0.38
0.08
0.05
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

-358.4
-360.1
-359.1
-358.2
-358.4
-359.8
-359.0
-358.2
-364.7
-364.3
-367.1
-370.7

2
1
2
3
3
2
3
4
1
2
1
0

0.0
1.3
1.4
1.7
1.9
2.9
3.2
3.7
10.5
11.8
15.5
20.7

0.29
0.15
0.14
0.12
0.11
0.07
0.06
0.05
< 0.01
< 0.01
< 0.01
< 0.01

-226.2
-228.1
-226.2
-226.2
-227.9
-230.0
-228.1
-226.1
-229.3
-229.6
-227.9
-229.3

2
1
3
3
2
0
2
4
1
1
3
2

0.0
1.7
1.9
1.9
3.3
3.5
3.6
3.7
4.1
4.7
5.3
6

0.31
0.13
0.12
0.12
0.06
0.06
0.05
0.05
0.04
0.03
0.02
0.02
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Vesper Sparrow
CritHab DistCH Sagebrush^2
CritHab DistCH
DistCH
DistCH Sagebrush^2
CritHab DistCH Sagebrush
DistCH Sagebrush
CritHab
CritHab Sagebrush^2
CritHab Sagebrush
Sagebrush
Sagebrush^2
Null
Lark Bunting
CritHab DistCH Sagebrush
CritHab DistCH Sagebrush^2
CritHab DistCH
DistCH Sagebrush
DistCH Sagebrush^2
DistCH
CritHab Sagebrush
CritHab Sagebrush^2
CritHab
Sagebrush
Sagebrush^2
Null
Savannah Sparrow
Sagebrush^2
Null
CritHab Sagebrush^2
DistCH Sagebrush^2
CritHab
Sagebrush
DistCH
CritHab DistCH Sagebrush^2
DistCH Sagebrush
CritHab Sagebrush
CritHab DistCH
CritHab DistCH Sagebrush

logLik

K

∆AIC

w

-291.2
-293.2
-295.0
-293.0
-293.2
-294.6
-298.6
-296.7
-298.4
-306.6
-306.2
-308.4

4
2
1
3
3
2
1
3
2
1
2
0

0.0
0.2
1.4
1.5
1.9
2.6
8.7
9.0
10.3
24.7
25.9
26.3

0.28
0.26
0.14
0.13
0.11
0.08
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

-550.3
-549.8
-552.3
-556.1
-556.0
-559.7
-560.7
-560.1
-563.0
-585.0
-584.9
-593.6

3
4
2
2
3
1
2
3
1
1
2
0

0.0
0.8
1.9
9.5
11.2
14.7
18.7
19.5
21.4
65.3
67.1
80.6

0.49
0.32
0.18
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

-493.8
-496.3
-493.4
-493.6
-495.8
-496.0
-496.0
-493.4
-495.6
-495.2
-495.8
-495.1

2
0
3
3
1
1
1
4
2
2
2
3

0.0
1.0
1.3
1.5
2.1
2.4
2.4
3.1
3.5
4.0
4.0
4.5

0.23
0.14
0.12
0.10
0.08
0.07
0.07
0.05
0.04
0.06
0.03
0.02
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Grasshopper Sparrow
Sagebrush
Sagebrush^2
DistCH Sagebrush
CritHab Sagebrush
DistCH Sagebrush^2
CritHab Sagebrush^2
CritHab DistCH Sagebrush
CritHab DistCH Sagebrush^2
Null
DistCH
CritHab
CritHab DistCH
Baird’s Sparrow
CritHab DistCH Sagebrush^2
CritHab Sagebrush^2
CritHab DistCH Sagebrush
CritHab DistCH
CritHab Sagebrush
DistCH Sagebrush^2
CritHab
DistCH Sagebrush
DistCH
Sagebrush
Sagebrush^2
Null
Western Meadowlark
DistCH Sagebrush
Sagebrush
CritHab DistCH Sagebrush
Sagebrush^2
CritHab Sagebrush
DistCH
CritHab DistCH Sagebrush^2
DistCH Sagebrush^2
CritHab Sagebrush^2
Null
CritHab DistCH
CritHab

logLik

K

∆AIC

w

-322.9
-322.3
-322.5
-322.7
-321.8
-321.9
-322.5
-321.7
-327.1
-327.0
-327.1
-326.9

1
2
2
2
3
3
3
4
0
1
1
2

0.0
0.7
1.2
1.5
1.8
1.9
3.1
3.5
6.4
8.1
8.3
9.9

0.25
0.18
0.14
0.12
0.10
0.04
0.05
0.04
0.01
< 0.01
< 0.01
< 0.01

-525.0
-526.8
-527.8
-529.4
-529.4
-528.6
-531.1
-530.5
-533.7
-534.7
-533.5
-539.6

4
3
3
2
2
3
1
2
1
1
2
0

0.0
1.6
3.7
4.7
4.8
5.1
6.1
6.9
11.4
11.4
13.0
21.3

0.52
0.23
0.08
0.05
0.05
0.04
0.02
0.02
< 0.01
< 0.01
< 0.01
< 0.01

-515.2
-516.3
-515.0
-516.3
-516.3
-517.5
-515.0
-515.2
-516.3
-519.4
-517.5
-519.0

2
1
3
2
2
1
4
3
3
0
2
1

0.0
0.2
1.7
2.1
2.1
2.6
3.6
4.1
4.1
4.4
4.6
5.5

0.24
0.22
0.10
0.08
0.08
0.06
0.04
0.03
0.03
0.03
0.02
0.02
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Brown-headed Cowbird
CritHab DistCH Sagebrush
CritHab Sagebrush
CritHab DistCH Sagebrush^2
DistCH Sagebrush
CritHab Sagebrush^2
DistCH Sagebrush^2
Sagebrush
Sagebrush^2
CritHab DistCH
CritHab
DistCH
Null

logLik

K

∆AIC

w

-258.5
-259.8
-258.0
-260.0
-259.3
-259.8
-264.4
-264.4
-274.2
-275.9
-279.2
-289.8

3
2
4
2
3
3
1
2
2
1
1
0

0.0
0.5
0.8
1.0
1.5
2.4
7.7
9.6
29.3
30.8
37.3
56.6

0.26
0.20
0.17
0.16
0.12
0.08
0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

a

The AIC value of the top model for each species was as follows: HOLA = 947.6, SPPI = 866.3,
CCLO = 1269.8, CCSP = 728.1, BRSP = 460.5, VESP = 594.5, LARB = 1110.7, SAVS = 995.6,
GRSP = 651.9, BAIS = 1062.0, WEME = 1038.4 BHCO = 527.1
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Appendix B-2 Proportion of the variation in the data explained by each canonical correspondence ordination axis.

CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 CCA7 CCA8 CCA9 CCA10 CCA11
Eigenvalue
Proportion
Explained
Cumulative
Proportion

0.206

0.145

0.07

0.038

0.023

0.012

0.008

0.005

0.003

0.001

<0.001

0.063

0.044

0.021

0.011

0.007

0.004

0.003

0.002

0.001

<0.001

<0.001

0.063

0.107

0.128

0.139

0.146

0.15

0.152

0.154

0.155

0.155

0.155
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Appendix B-3 Species scores for each axis of the CCA ordination (e.g., Axis 1 =
CCA1).

Species
Horned Lark
Sprague’s Pipit
Chestnut-collared
longspur
McCown’s Longspur
Clay-colored Sparrow
Brewer’s Sparrow
Vesper Sparrow
Lark Bunting
Savannah Sparrow
Grasshopper Sparrow
Baird’s Sparrow
Bobolink
Western Meadowlark
Brown-headed
Cowbird

CCA1
-0.569
0.038
-0.687

CCA2
-0.207
0.455
0.066

CCA3
0.019
0.17
-0.104

CCA4
-0.028
-0.101
0.12

CCA6
0.057
-0.15
-0.004

CCA6
0.048
-0.044
0.01

-1.245
0.752
-0.064
0.169
0.219
0.316
0.342
0.174
1.041
0.129
0.564

-0.115
-0.154
-0.472
-0.619
-0.721
0.22
0.167
0.485
0.725
-0.123
-0.556

-0.432
-0.545
-0.298
-0.249
0.563
0.198
0.206
0.079
-0.372
-0.225
-0.262

0.296
0.089
-0.015
-0.55
0.17
-0.027
-0.081
-0.089
1.091
-0.117
0.22

0.3
-0.097
-0.5
0.043
-0.049
0.183
-0.275
0.084
-0.143
0.005
0.403

-0.306
0.038
-0.469
0.11
0.059
-0.12
0.032
0.009
0.29
0.112
-0.227
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Appendix B-4 Variation in critical habitat (CH) sites (triangles) and non-critical habitat
sites (circles) with ellipses representing means with 95% confidence intervals (CH =
bottom-right ellipse, surrounding 1.6 km buffer = top-left ellipse).
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