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ABSTRACT

Spatial Analysis of Oregon Vesper Sparrow

Territories in Western Washington

Daniel J. Cuevas

The Oregon Vesper Sparrow (Pooecetes gramineus affinis), a ground nesting passerine species
considered threatened in Washington state, is in the process of being petitioned for listing under the U.S.
Endangered Species Act. Breeding populations of this prairie obligate species have declined over the last
century in Washington state due to the destruction of prairie habitat, further fragmenting their available
habitat and isolating populations. Prairie habitats in North America have drastically declined in the last
century largely due to anthropogenic pressures such as urbanization and agriculture. Many researchers
consider grassland bird species to be the most threatened group of birds in the United States. My
research examines the landscape composition of two currently occupied Oregon Vesper Sparrow breeding
sites in western Washington, the North Weir prairie and the Artillery Impact Range (AlA) on Joint Base
Lewis McChord. I included tree presence and distance to nearest road edge in logistic regression models
for nest territories occupied by Oregon Vesper Sparrow breeding pairs during the 2018 and 2019 breeding
seasons, and unoccupied random locations. Occupied nest territories tended to be closer to roads on the
AlA in 2018, but other site/year combinations did not yield significant differences between occupied and
unoccupied locations. Scientific literature on this subspecies of the Vesper Sparrow (Pooectes
gramineus) is limited, and the results of my spatial analysis may aid researchers and land managers in
conservation efforts for this nearly extirpated species when considering landscape composition in
fragmented prairies.
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Introduction

From the fruition of Euro-american settlement from coast to coast spanning into the 21% century,
North American prairie habitats, once the continent’s dominant ecoregion, have shifted dramatically in
size, composition, and function (Herkert et al. 2003). Such effects can significantly alter ecosystem
services for native and migratory species. The principle feature of North American grasslands is the
dominance of herbaceous vegetation with low, but varying, numbers of shrubs and scattered trees
(Samson and Knopf 1996). Today all three prairie landscape types, tall-grass, mixed-grass, and short-
grass continue to disappear under the pressures of urban expansion, agricultural land use, and
infrastructure development (Altman 2011; Herkert et al. 2003).

Grasslands, or prairies, are among the most distinctive and endangered wildlife habitats in
Oregon and Washington with an array of vertebrates which occur rarely anywhere else on the west coast
(Johnson and O’Neil 2001). They specifically are found in close proximity to where most of the human
population reside in Washington State, which has resulted in continued prairie landscape fragmentation
and habitat degradation. Some prairies found in western Washington can be characterized by open
landscapes of herbaceous plants, occurrence of periodic fire, seasonal flooding, and variation of soil
composition created by vegetation and successional conditions of native flora (Agee 1993).

Savannas in the Pacific Northwest, such as the Puget Lowlands are dry prairies with presence of
widely scattered trees or small open-canopy tree groves with <30% cover (Agee 1993). This contrasts
with wet prairies, such as the Willamette Valley of Oregon where the soil is hydric (Caplow and Miller
2004). Soil type assessment of pre-Euro-American settlement indicate the South Puget Lowlands
contained over 60,000 ha of prairie habitat, approximately 10% of the total landscape. Since then there
have been major shifts in the overall landscape structure. Current estimates of total prairie composition is
just 5,000 ha, with 91% of that total contained in the Joint Base Lewis-McChord military installation
(Crawford and Hall 1997). Only about 3% of the original prairies remain as unbroken (non-fragmented)

prairie habitat, with the majority of that (71% or 862 ha) on Joint Base Lewis-McChord managed lands.



The sharp decline of prairie habitat in areas of western Washington and Oregon is largely
associated with shifting management practices of the landscape since the mid 1800°s. When considering
changes from historical prairie conditions to modern conditions, fire manipulation, agricultural
development and urbanization have been strong pressures in instigating these changes (Johnson and
O’Neil 2001). Original fire burning practices on prairie habitats by indigenous communities are viewed
as not detrimental to grassland habitats during that time (Shelvey and Boyd 2000; Hamman et al. 2011).
Tribal communities used fire to halt forests from encroaching on prairie habitats, as well as to maximize
camas (Camassia quamash) production, at least in South Puget Sound (Storm and Shebitz 2006). In turn,
ensuring viable hunting and foraging grounds were present to sustain the communities, creating an
equilibrium relationship between the needs of the tribes and the sustainability of the environment (White
1975; J. G. Cooper 1859). However, fire suppression practices by Euro-Americans in mid 1800s began to
significantly degrade prairie habitat, allowing thatch, moss and forest vegetation inhibit the growth and
succession of native prairie vegetation (Boyd 1999; Hamman et al. 2011; Taylor and Boss 1975).

Most prairie and shrubland habitats across the states have been affected by decades of livestock
grazing, a major avenue for the introduction of exotic and invasive vegetation to displace native
vegetation (Daubenmire 1988). These changes to native herb communities due to excessive grazing and
fire can result in climax of zoonotic communities which differ historically to the habitat and lessen the
environmental services for native species (Daubenmire 1988). The homogenous structure of these
disturbed habitats results in lower diversity in some taxa such as arboreal mammals or canopy nesting
birds (Johnson and O’Neil 2001). Losses of grassland in the Puget Lowlands equate to >90%, while the
Willamette Valley has experienced even greater losses of >99% (Crawford and Hall 1997; Altman 2011).

Species highly susceptible to land disturbance pressures include native, prairie specialist plants,
unable to compete with the volume density of forest species, and grassland birds (Foster and Shaff 2003;
Peterjohn and Sauer 1999). Grassland birds are amongst the most affected by these habitat shifts and are
considered to be the most threatened group of birds in North America (McLaughlin et al. 2014; Peterjohn
and Sauer 1999; Coppedge et al. 2001). High sensitivity to ecosystem shifts of grassland birds stem from
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a number of factors including food supply, shelter needs, space requirements, micro-habitats, landscape
composition, and increased populations of competitors and/or predators (Newton 1998; Snow 1954;
Fuller 2012). Present trends in grassland avifauna populations worldwide are in decline for native and
endemic species while an increase of exotic species, such as the European Starling (Sturnus vulgaris), are
increasing the offset of native to invasive species ratios on the prairies (Knopf 1994). One such species is
the Oregon Vesper Sparrow (Pooecetes gramineus affinis). Oregon VVesper Sparrows require prairie-oak
mixed grass habitat in the Pacific Northwest for optimal breeding and brood rearing conditions (Altman
2011). As this state listed “species of concern” loses breeding habitat, populations become increasingly
isolated and observations increasingly become anecdotal than quantifiable, galvanizing advocates for
enlistment under the Endangered Species Act (Altman 2011; Kurth 2018).

Within the history of scientific literature and observational reports, Oregon Vesper Sparrows
were much more abundant than they are today. During the time of Euro-American settlement in the
Pacific North West from the 1800’s to the 1900’s the species were able to persist in newly created
agricultural grasslands such as hayfields and pasture and described as “abundant or common” (Anthony
1886; Dawson and Bowles 1909; Hoffmann 1927). Soon after, declines in breeding populations started to
trend as noted by land surveyors and researchers. Contemporary research in the scientific literature marks
the continuation of declining population trends of the species in western Washington and Oregon (Altman
2011). For example, 1996 censusing of species highly associated with native grasslands found the
Oregon Vesper Sparrow and Western Meadowlark (Sturnella neglecta) to be considered uncommon or
rare (Johnson and O’Neil 2001).

Oregon Vesper Sparrows and other grassland birds are ground nesting species, utilizing forbs and
tall grasses to create nest cavities in the soil on the prairies (Altman 2011; 2017; Canada 2018). Ground
nesting is an adaptation to life in an herbaceous, open landscape. Birds are able to utilize vegetation
height, cover, and density to conceal their nests from predators and competitors (Burger, Burger, and
Faaborg 1994). In Washington and Oregon, Oregon Vesper Sparrows are considered uncommon,

scattered widely in areas of the Willamette Valley and the Puget Lowlands in the Puget Lowlands



(Altman 2011). The species regularly occur only in the San Juan Islands and on prairies of the South
Puget Lowlands, especially on Joint Base Lewis-McCord managed lands, such as the North and South
Weir prairies, and were once considered abundant throughout the Puget Sound and on the Nisqually
plains (R. E. Rogers 2000; J. G. Cooper 1859).

In the wake of shifting matrices in grassland landscapes, the mechanisms of Oregon Vesper
Sparrow decline remain largely unexamined. Especially in one of the few habitats where the species
regularly visit during the breeding season, the North Weir prairie, broken into upper and lower Weir. The
same can be said for the majority of prairie obligate species. Understanding the implications of habitat
loss, landscape shifts, and fragmentation of said areas in relation to grassland bird species is considered
by many to still be poorly understood (Davis et al. 2006; Winter et al. 2006; Grant, Madden, and Berkey
2004).

The goal of my research is to examine possible associations between landscape components
within the matrix, and nest selection of Oregon Vesper Sparrow breeding populations in the Weir prairies.
Furthermore, | will explore why research regarding grassland birds and prairie habitats are difficult to
guantify and often involve opposing study methods and results. Utilizing field observations taken by the
Center for Natural Lands Management and myself, ESRI’s ArcGIS software for mapping and spatial
analysis and a verifiable, approach to the issue, | hope to provide data and insights valuable for the

conservation and management of the Oregon Vesper Sparrow.



Literature Review

Oregon Vesper Sparrow Background

The Oregon Vesper Sparrow (Pooecetes gramineus affinis), a ground nesting passerine bird
classified as one of four, some contest one of three (A.O.U. 1957), subspecies of the Vesper Sparrow
(Pooecetes gramineus) (Sibley 2001; Pyle 1997), has been a species of concern for conservation groups
and land managers in recent decades. Currently the species is under petition for enlistment and protection
under the Endangered Species Act (Kurth 2018). Washington and Oregon list the Oregon Vesper
Sparrow as a species of concern but is considered endangered by the Canadian government (Beauchesne
2006). The 2000 Oregon-Washington PIF Bird Conservation Plan stated the objective to “Maintain or
target for establishment >10 breeding populations (i.e., >10 pairs) in grassland habitats in each sub-
province (i.e., ecoregion) in the next 10 years (by 2010)” (Altman 2000). In 2017, the population
establishment objectives of the Oregon-Washington PIF for the Puget Lowlands were, “Increase the
current estimated Population of 175 birds by > 77% to >309 birds” (Altman 2017).

Due to the species decline over the last century and increasing isolation of breeding populations,
little scientific research has been done on this subspecies other than a few preliminary studies. For
instance, while the Oregon Vesper Sparrow has been accepted as a distinct subspecies of the Vesper
Sparrow based on the morphological species concept (Pyle 1997). No genetic information has been
collected for assessment (Altman 2017). While the application of the morphological species concept is
widely used to differentiate species, it has potential limitations when considering subspecies. A species
such as the Oregon Vesper Sparrow being geographically isolated from Vesper Sparrow with similar
phylogenetic characteristics is subject to scrutiny if it is an actual subspecies within this particular species
concept. A condition of the morphological species concept is two different species cannot reproduce
sexually (Simpson 1951). Oregon Vesper Sparrow populations are the only breeding populations of all
Vesper Sparrow populations and subspecies populations west of the Cascade Mountains (Altman 2011;

A.0.U. 1957). Due to isolation of breeding populations between the two species and the similarities in



characteristics, the genetic species concept may be better suited for species classification. For instance,
identifying P. g. affinis from the P. g. confinis, a subspecies which frequents Nebraska, in field conditions
has not been successfully (Campbell et al. 2001).

Acquiring genetic information, or genome, from Oregon Vesper Sparrow populations will allow
researchers to compare it against that of Vesper Sparrow populations. The genomic comparisons between
the two species will prompt species classification under the genetic species concept, classifying
populations as separate species which have the ability interbreed but are considered genetically distinct
(Baker and Bradley 2006). The genetic species concept is considered advantageous over the
morphological species concept in understanding biodiversity and speciation of animals over the

evolutionary process (Baker and Bradley 2006).

Range & Breeding

Oregon Vesper Sparrow range reaches from Southern Canada down to South California(Altman
2011; 2017) (Figure 1). Breeding ranges are restricted to fragmented prairie remnants in Southwestern
British Columbia, western Washington, Western Oregon, and Northern California (Altman 2017; A.O.U.
1957; Campbell et al. 2001). The breeding season typically lasts from April to mid/late June and
migratory dispersal post breeding season is undocumented in terms of flight patterns and pathways
(Altman 2017). Wintering range occupation for the species are estimated to occur from September to
April in Southern California (Willett 1933). However, there are no available records of movements or
behavior within wintering ranges and it is assumed Oregon Vesper Sparrow populations occupy the

lowlands of southwestern British Columbia during the summer (Campbell et al. 2001).



Figure 1. Historic Oregon Vesper Sparrow Distribution (Left) vs Current
Distribution (Right) (Altman 2017).

Within the last century, sightings of Oregon Vesper Sparrow sightings has become more
anecdotal, likely due to the increase of habitat loss and urbanization and uncertainty in field identification
(Herkert et al. 2003; P. W. Dunwiddie and Bakker 2011; Altman 2011). There is high confidence that
95% of Oregon Vesper Sparrow breeding range lies within U.S. Forest Service and Joint Base Lewis-
McCord managed lands in Washington and western Oregon (Altman 2017). The prevalence of breeding
habitats within these administered lands points to a possible positive correlation between managed

protected lands and the needs of a habitat specialist.



Oregon Vesper Sparrows could be considered habitat specialists based on their requirement of
prairie habitat to breed, making them prairie obligate (Rosenzweig 1981; Kurth 2018). However, this is
contested as they have also been referred to as moderate habitat generalists due to the general nature of
their prairie habitat needs (Altman 2017). | argue they are more accurately categorized as habitat
specialists, contesting the generalist label, due to the lack of published systematic research and the
increasing lack of habitat availability. Habitat specialists are defined as having improved phenotypic
fitness in a particular specialized habitat, reducing energetic searching and foraging costs within said
habitat (Rosenzweig 1981). As prairie habitat loss persists, particularly in Washington and Oregon, we
can expect the possibility of further declining Oregon Vesper Sparrow populations as they are unlikely to

adapt to other common forms of habitat like urban or forest.

Feeding and Nesting Timeline

Feeding habits of the Oregon Vesper Sparrow are unknown, although I have observed them
carrying insects back to the nests and others report they also feed on low forbs and dandelion seeds
(Taraxacum officinale) (Altman 2017). (Rodenhouse and Best 1994) observed foraging activities for
insects through vegetation exclusively through their breeding territories. It is likely they have a flexible,

opportunistic diet due to the climate variance between their breeding and wintering ranges (Altman 2017).

During the nesting season, females build nests out of grasses and rootlets in shallow depressions
on the ground, often next to clumps of vegetation, dirt clods or under a tree or shrub (Jones, and Cornely
2002; Marshall, Hunter, and Conreras 2003) . Nesting success is relatively high at 64% with average
clutch size of four eggs (Altman 2017). There is limited data on average incubation time of the Oregon
Vesper Sparrow. Although, Vesper Sparrow incubation is averaged at 12 — 13 days, nestlings fledge from
the nest after 9 — 10 days and are dependent on their parents for 20 — 30 additional days (Bent 1968).
During this time, adults move their young to shrubby areas for cover as they are still dependent or semi-

dependent on the care of their parents (Altman 2017).



Avian Prairie Species Under Threat

Like the Oregon Vesper Sparrow, many avian species requiring the breeding habitats on prairies
in North America are ground nesting, making them significantly susceptible to the negative influences of
fragmentation and habitat loss (Herkert et al. 2003; Fahrig 2003); such as the Horned Lark (Eremophila
alpestris) and Sprague’s Pipit (Anthus spragueii) (Grant, Madden, and Berkey 2004). Widespread prairie
loss generates adverse habitat conditions, resulting in many experts stating grassland birds as the most
threatened group of avian species in North America (Peterjohn and Sauer 1999). In part because prairie
obligate species require regional specific shrub and forb cover (Altman 2011) for nest excavation and
laying on the open ground, making them significantly more sensitive to habitat fragmentation than
generalists (Burger, Burger, and Faaborg 1994). Decades of scientific research indicates declines in
grassland bird populations result from habitat fragmentation and edge effects related disturbances
(Burger, Burger, and Faaborg 1994; Herkert et al. 2003). Smaller fragment sizes of habitat can lead to
increase in nest predation and the introduction of predators from neighboring habitat types caused by edge

effect exposure (Herkert et al. 2003).

Fragmentation & Habitat Loss

Fragmentation occurs when a landscape is broken apart in its continuity, resulting in habitat loss
(Fahrig 2003), which can lower habitat quality and viability for local populations. The theory of
landscape fragmentation and how it effects populations at the local scale and ephemeral populations
within the concerned area has been well researched in the theoretical realm (Anderwartha and Birch
1984). To that point, (Fahrig and Merriam 1994) argue when these models are put into practice they can
become problematic in application for they don’t take into consideration the specifics of landscape spatial
structure. Fahrig and Merriam define landscape spatial structure as the spatial relationships among the
landscape components. These components include the overall habitat matrix, which are imbedded with
habitat patches, or any discrete area utilized by species for breeding, foraging, or its established niche

(Fahrig and Merriam 1994).



The complexity and challenges researchers have when examining and quantifying the effects of
habitat fragmentation in field conditions may be due to not distinguishing the process of habitat loss from
the process of habitat fragmentation. Thus, results may not be consistent with the theory on how habitat
fragmentation affects populations and biodiversity. The habitat fragmentation concept is derived from the
isolation biogeography theory, measuring the variables and relationship of island isolation from a
mainland (Fahrig 2003). Isolation in the concept of habitat fragmentation is a result of habitat loss and
implies loss of connectivity, even though connectivity still exists throughout the landscape for
populations to utilize.

Fahrig (2003) argues fragmentation and habitat loss should be measured independently to
understand the nature of biodiversity loss resulting from fragmentation. She states habitat loss is
consistently negative for biodiversity while fragmentation is much weaker on the scale of negativity for
biodiversity loss, while in some cases has been shown to have positive influences on species populations.
Habitat loss reduces trophic chain length (Komonen et al. 2000), the number of habitat specialists and
large bodied species (Gibbs and Stanton 2001), and breeding success of occupying populations (Pither
and Taylor 1998).

Habitat types can also vary within the composition of a landscape. Fragmentation does not take
into consideration the inherent differences of habitat type within the overall landscape which already
existed (Mac Nally, Bennett, and Horrocks 2000). Furthermore, characterization of habitat fragmentation
is strictly qualitative; meaning a landscape is either continuous or fragmented (Fahrig 2003). This
theoretical design does not permit a true relationship between the degree and magnitude of biodiversity
response to be examined.

An additional point Fahrig uses to support her claim is habitat fragmentation theory generally
implies a reduction in habitat amount, increase in habitat patch quantity, decrease in patch size, and
increased isolation between patches. In real world practicality, a fragmented landscape can have only 1 or
a few of these conditions rather than all at once. Briefly, consider the condition of patch size in more

detail within theoretical and real-world conditions. In theory, patch size can be an ambiguous
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measurement of fragmentation and often leads to misinterpretation of results because both fragmentation
and habitat loss result in smaller patches (Niemela 2001)

While studies reflect smaller patches can lower biodiversity in a fragmented landscape, it can also
increase biodiversity by proving habitat for immigrating populations and refuge for prey species, which
improves predator-prey dynamics (Huffaker 1958; Bowman, Cappuccino, and Fahrig 2002).
Additionally, smaller patches can vary the types of habitat within the landscape; a condition which
provides beneficial services for certain species (Law and Dickman 1998).

The dispute of this viewpoint which strays from the conventional way of viewing and
approaching the concept of habitat fragmentation should be noted. (Fletcher et al. 2018) agrees with
Fahrig that habitat loss has well known negative impacts on biodiversity and small scale fragments may
have conservation value for biodiversity and ecosystem services (Mitchell, Bennett, and Gonzalez 2014).
Also, the term ‘habitat fragmentation’ can be loosely referred to overall process of habitat configuration
change. Yet, he argues Fahrig’s description on habitat fragmentation and habitat loss is not valid; because
habitat loss and fragmentation are not empirically independent but are frequently linked.

Further criticism of Fahrig from Fletcher state Fahrig’s view of fragmentation being beneficial to
biodiversity runs counter to mainstream empirical and theoretical literature of the ecological research
community. Essentially stating the consensus is not aware to the positive effects of habitat fragmentation.
In turn leading to major implications for the ongoing management of fragmented ecosystems on a global
scale. Fahrig’s review of literature to support her claims were composed only of landscape scale studies,
ignoring patch scale studies, complex effects of fragmentation were not included, and results were taken
solely from tables and figures while the main text of research was ignored.

In response to Fletcher, (Fahrig et al. 2019) disagrees with the criticism made about her
statements theorizing the largely positive effects of habitat fragmentation. Based on Fletcher’s argument
of habitat fragmentation having negative effects on biodiversity and ecosystem services is extrapolated
from studies which largely only consider patch-scale patterns and mechanisms, edge effects and patch

isolation. Fahrig claims this line of research is unreliable because mechanism dynamics are ignored on
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the landscape scale and can counteract negative effects in patch scale models by increasing habitat
diversity. Extrapolating small scale mechanisms to large scale models of habitat fragmentation is not a
basis for predicting fragmentation implications as these types of models are not predictable in nature.
(Fahrig 2003; 1998) contemplates the dynamics of habitat fragmentation at a landscape matrix scale
rather than small scale habitat patches. Habitats vary in shapes and sizes, thus the fragmented patches
within the matrix can have differing effects on overall habitat quality, which species can respond to in a
variety of ways (Fahrig et al. 2019). Because most of the habitat fragmentation studies are focused on
small scale studies, the true effects of the process are confounded when applied to larger landscape scales.
In turn, this may be a reason why many of the studies of fragmentation on habitats where avian
assemblages are affected can contradict each other and still not shed full light on the issue after decades of
research.

Regarding my research, which implicitly seeks to understand the implications of habitat
fragmentation on nesting success of Oregon Vesper Sparrow breeding populations; | examine
fragmentation on the landscape scale matrix, rather than individual patches within my study area.

Without the limitations of time and resources, | would have preferred to have examined this to fuller
extent incorporating predator, soil and corridor variables within and between my study sites. The
distinction of habitat fragmentation from habitat loss is implied within my study design. If the effects of
fragmentation are not significant or non-existent within the bounds of my research a design testing habitat

loss independent of fragmentation will be recommended.

Fragmentation: Changes in Landscape Composition

Extinctions of local populations within fragmented habitats are common and population
survivability or recolonization are dependent on the spatial relationships among landscape elements.
These elements include patch size and shape, movement ability within the inner-patch matrix, and

dispersal characteristics of the species and temporal changes in the landscape (Fahrig and Merriam 1994).
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Patches: Size, Shape and Interconnection

Local population persistence in the wake of fragmented habitat has shown to be dependent on the
size of a patch; as shown by (Verboom et al. 1991) in studying patch size and persistence of European
Nuthatch (Sitta europea) local populations. Additionally, population survival is dependent on patch
shape when considering the distance from edge to patch. (Gates and Gysel 1978) find that local
populations of passerine birds increased at the edge bordering field and forest habitat, but with
consequences of increased rates in nest parasitism and predation.

Quality of the patch has influence of survival and abundance of local populations as well. Lower
habitat quality is usually associated with smaller area of patch interior with greater edge habitat, fewer
species and resources, and lack of local habitat specialist populations; resulting in lower reproductive
which effects recolonization, an essential factor in local species survivability (Herkert et al. 2003; Skagen,
Adams, and Adams 2005). Patch quality influences habitat dispersal throughout the matrix to which an
organism can move from one patch to the next. These dispersal routes, or corridors, connect habitat
patches to one another and either enhance or reduce population survivability (Fahrig and Merriam 1994;
Henein, Wegner, and Merriam 1998; Hobbs, Higgs, and Harris 2009).

However, (Lefkovitch and Fahrig 1985) suggest total number of dispersal routes within a
landscape may be less important than corridor configuration in relation to the landscape patches, the
overall structure and component make-up of the landscape. The spatial patterns of habitat patches are
considered the most important factor in population sustainability because the dispersal routes within the
spatial pattern of the matrix can allow or hinder populations to find new patches (Fahrig 1998). In other

words, the smaller the dispersal distances between small patches, the better chance of survivability.

Temporal Shifts in Habitat

The time scale plays a critical role in landscape viability as well. Gradual or abrupt changes
within the landscape structure over time due to fragmentation or habitat removal increase or decrease in

guality and number of dispersal routes; and spatial reorganization of the patches occur normally on longer
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time scales, especially in prairie habitat (Altman 2011; Urban and Keitt 2001). Whether these changes
are naturally occurring or due to anthropogenic influences, the effect of the landscape structure influences
local and regional population survivability with it. Survivability of regional populations during these
temporal changes depends on the dispersal behavior which are learned or genetically based due to strong
selection pressure over time (Merriam 1991).

If dispersal behavior is greater than the rate of change in a landscape’s spatial structure the
species has a greater chance of surviving because of the ability to move around the matrix, integrating
resources from the patches and offset searching costs (Fahrig and Merriam 1994; Fahrig 2003;
Rosenzweig 1981). This can be particularly important in local populations consisting of habitat

specialists like the Oregon Vesper Sparrow.

Prairie Loss in the Pacific Northwest

All three prairie landscape types, tall-grass, mixed-grass and short-grass, continue to disappear
under the pressures of urban expansion, agricultural land use transformation, and infrastructure
development (Altman 2011). Tall-grass prairie has lost 82-99% of total habitat while short-grass prairie,
the least disturbed prairie type, covers just 40% of original range; mixed-grass prairie has declined 72-
99% across its traditional territory (Samson and Knopf 1996).

In the western United States mixed-grass prairies can be located on coastal regions with unique
vegetation crucial to prairie species biodiversity. Prairies and savannahs in California, Oregon and
Washington provide critical habitat for habitat specialists which require the dry and open conditions in
otherwise coniferous dominated regions (Altman 2011; Franklin and Dyrness 1973; Hanna and Dunn
1997). In western Washington, 9% of the original 73,000 ha grasslands are present, with only 2-3%
dominated by native species (Crawford and Hall 1997; Chappell et al. 2001).

Land use and urban development pressures in the Pacific Northwest continue to degrade native
prairie-oak habitats, making these ecoregions one of the most threatened in the region and most

threatened bird habitats in the United States (Floberg et al. 2004). Coastal oak (Quercus garryana), also
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known as garry oak or white oak, a tree species found along the coasts from California to British
Columbia crucial for prairie bird assemblages, is increasingly found in isolated patches resulting from
encroachment by non-prairie species such as the non-native Scotch broom (Cytisus scoparius) and native
Douglas fir (Pseudotsuga menziesii) (Hanna and Dunn 1997; Feldman and Krannitz 2004; Altman 2011).
The Puget Lowlands of Washington retain only 10% of original prairie-oak habitat (Hall, Crawford, and
Stephens 1995), while less than 1% grassland prairie remains in the Willamette Valley (Alverson 2005).
Loss of these habitats is not new. Since Euro-American settlement, the south Puget Sound has lost over
50% of crucial oak-prairie habitat to land conversion and development (Hanna and Dunn 1997) (Figure
2). The largest remnants of prairie ecosystems today are contained and managed by Joint Base Lewis-

McChord (P. W. Dunwiddie and Bakker 2011; Maan 2017) (Figure 3).

Figure 2 Surveyed prairies through 1853-1876 (Easterly, Salstrom, and Chappell 2005)
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Figure 3 Major prairies of the South Puget Sound (Maan 2017)

Over time, anthropogenic pressures on prairie habitat alters habitat matrix, increase edge habitat
and decrease interior habitat, thus isolating the continuity of viable breeding habitat and resources (Fahrig
and Merriam 1994). It is important to note prairies in the Pacific Northwest have undergone maintenance
and disturbance by indigenous peoples burning and harvesting the prairies for food and cultural

significant plants; such as camas bulbs (Camassia spp.), chocolate lily corms (Fritillaria affins), and
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bracken rhizomes (Pteridium aquilinum) (Boyd 1999). These practices are believed to have been done
with methods which did not threaten prairie habitat but manage the prairies for future sustainability and
use, a practice known as Traditional Ecological Knowledge, or TEK (Trosper 2007).

The most pressing threats to prairies of the Pacific Northwest today include population growth,
the Willamette Valley ecoregion is expected to increase by 28% between 2010 and 2030, further
fragmenting the landscape and reducing prairie connectivity. Encroachment by woodland tree species
and invasive species which continue to displace native prairie tree and shrubs (Foster and Shaff 2003; P.
Dunwiddie et al. 2006). Finally, climate change is projected to cause major losses of native species from
the smaller and more isolated prairies (B. M. Rogers et al. 2011).

Critical habitats and endemic species are finding refuge from anthropogenic changes and climate
shifts in active and abandoned military bases across the United States. Military bases border off land for
operations and section off adjacent uninhabited habitat with high level of security and access restrictions
provide; creating habitat areas largely unaffected by effects of agricultural and urban development
(Giocomo 2005). The Department of Defense manages over 10 million ha in the U.S., many of which are
grassland habitats that provide optimal for ground training for troops and habitat for grassland obligate
birds and vegetation (Eberly 2002; Giocomo 2005).

In California, approximately 250 rare flora and fauna taxa are found in habitats provided in
military managed lands, several of which occur rarely outside the bases (D. S. Cooper and Perlman 1997).
Over 14,000 acres of grassland habitat is contained in Joint Base Lewis-McChord managed lands, at least
37 categorized as distinct prairies (Kronland and Martin 2015). Over 11,00 acres are designated Priority
Habitat Areas where habitat management practices are required to maintain, improve or create habitat for
federal-listed and threatened species, such as the Taylor’s checkerspot butterfly (Euphydryas editha
taylor), Streaked-Horned Lark (Eremophila alpestris strigata), and two subspecies of Mazama pocket
gopher (Thomomys Mazama glacialis, T.m. yelmensis) (Fish and Wildlife Service 2012; U.S. Fish and

Wildlife Service 2013; Kronland and Martin 2015)
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A Brief Review in Avian Prairie Habitat Fragmentation

From Southwest British Columbia through western Washington into Northern Oregon are some
of the most heavily urban populated areas where prairie habitats were initially found (Franklin and
Dyrness 1973). Increase in non-native plants coincide with species loss (Dennehy et al. 2011) and 40%
of major flora in the south Puget Sound prairies are exotic or invasive from other continents. Fire
suppression and conversion of oak woodlands to conifer stands for timber production has also been a
major influencer on prairie loss (Apostol and Sinclair 2012; Hanna and Dunn 1997; Crawford and Hall
1997; Hamman et al. 2011).

These pressures increase habitat configuration complexity of prairies, creating edge habitats
where native species and specialist species sustainability is poor by decreasing patch size and displacing
optimal dispersal routes for native avifauna (Burger, Burger, and Faaborg 1994; Fahrig 2003). The small
patch size fails to provide eco-service requirements to support and maintain species populations and
fitness. Additional consequences posed by habitat fragmentation and loss include increased occurrence of
negative edge effects.

Edge effects affect interior habitat of a fragmented patch resulting from patch border exposure.
These can include intrusion of invasive woody species, increase population and displacement by urban
species, and the higher exposure rate of native species to invasive predators (Burger, Burger, and Faaborg
1994; Feldman and Krannitz 2004; Grant, Madden, and Berkey 2004). While these effects have been
well documented, the exact nature of habitat loss associated with fragmentation is complex and warrants
further investigation (Skagen, Adams, and Adams 2005; Herkert et al. 2003).

For instance, how predator populations respond to fragmentation is relatively unknown. By
association, pinpointing the implications of prairie bird populations to predators in a habitat undergoing
habitat loss is difficult. Noting (Chalfoun, Thompson, and Ratnaswamy 2002), predators from different
regions and locales, like raptors and coyotes (Canis latrans), differ in hunting strategies and responses to

habitat fragmentation, adding to the variability on nesting success rate of grassland birds (Union and
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Foundation 1998). Skagen et al. (2005) mentions observations of Lark Buntings (Calamospiza
melanocorys) and Horned Larks chasing ground squirrels from their nests in a study observing nest and
artificial nest survivability relating to patch size. However, highly fragmented areas with increased edge
effects can expose interior patch habitat to larger predators from neighboring habitats against which
passeriform species, cannot defend. While the larger patches have increased interior habitat for grassland
birds to nest, new and larger predators can roam and hunt in the increased area of the interior habitat.
Focusing on patch size, while important, is not the only variable nesting success rate of grassland birds in
response to habitat fragmentation.

(Herkert et al. 2003) studied nesting success throughout the mid-continental United States.
Unlike to the Skagen et al. (2005) study, the fragmented prairie dimensions in this study ranged from 24
to over 40,000 ha. The authors reported net nest losses to predation of 54-68% in fragments (patches)
less than 100 ha and 78-84% in fragments more than 1000 ha. Grassland birds in the study include:
Dickcissel (Spiza american), Eastern Meadowlark (Stumella magna), Henslow's Sparrow (Ammodramus
henslowiij), and Grasshopper Sparrow (Ammodramus savannarum). Area predators associated with

prairie nest predation are mice, foxes, coyotes, weasels, crows, and skunks.

The Herkert et al. (2003) study supports its hypothesis of nest survival lowest in smaller patches
and higher in larger patches, while contrasting with the results of (Skagen, Adams, and Adams 2005),
who found the non-artificial nests were negatively affected as patch size increased. Furthermore,
responses of Brown-headed Cowbird (Molothrus ater) brood parasitism on ground nests due to
fragmentation are measured by Herkert et al. Brown-headed cowbirds, considered detrimental to
reproductive success in nesting birds, add their eggs to the brood of other birds. The unsuspecting parent
of the parasitized nest will often raise the parasitic chick at the expense of their own young, Brown-
headed Cowbird chicks grow faster and outcompete original chicks for food from nesting parents (Herkert

et al. 2003).
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Habitat fragmentation and patch size have not been linked directly to brood parasitism. Rather,
Brown-headed Cowbird abundance is linked to brood parasitism rates and population densities are found
inconsistent throughout the study areas. The results suggest smaller habitat fragments are less likely to
support breeding density and success rates of grassland birds. In this case, increased predation rates in

smaller fragments is influenced by easier accessibility of predators to nests with less habitat cover.

Herkert et al. (2003) found nest predation rates of grassland birds consistently lower in habitat
fragments over 10,000 ha. (Winter et al. 2006; Paton 1994) suggested fragments approximately 10,000 ha
are minimally affected from edge effects, such as increased predation and invasive species encroachment.
Edge effects show greatest prominence in habitat fragments less than 50m because the smaller interior
habitat area is less likely to offset edge effects (Paton 1994; Winter et al. 2006). Prior to the study,
Herkert hypothesized edge effects should have been most evident in prairie fragments less than 100 ha.
The researchers note adverse edge effects appeared for habitat less than 100 ha for the Dickcissel and
Henslow’s Sparrow, the Grasshopper Sparrow and Eastern Meadowlark. Also, brood parasitism and nest

predation rates are inconsistent across the five states in the Herkert et al. study.

Most research focuses on abiotic environmental conditions, possibly accounting for the poorly
understood relationship of grassland bird population declines and habitat fragmentation. (Lockhart and
Koper 2018) stated, when independently considering habitat patch size and habitat configuration,
grassland obligate birds respond significantly stronger to habitat configuration. Predator presence and
predation rates followed this pattern. Species specific predator behavior responses to landscape
variabilities affected by prairie fragmentation is an unknown factor causing difficulties in assessing
prairie restoration needs and setting restoration goals for land managers. As suggested by (Fahrig and
Merriam 1994), this lack of information can lead to restoration plans which don’t consider the full needs

of a prairie ecosystem.

20



Adjacent Habitat Influence

(Feldman and Krannitz 2004) studied seven sites in Victoria, British Columbia, Canada for
adjacent habitat effects on bird assemblages in coastal oak habitats fragmented by urbanization. The
study examined coniferous, coastal prairie and urban habitats, measuring each for tree volume, and the
extent of shrub and forb cover. Four of the total 43 avian species were exclusively observed in the oak
habitat and not in the coniferous habitat included, California Quail (Callipepla californica), Warbling
Vireo (Vireo gilvus), White-Crowned Sparrow (Zonotrichia leucophrys), and Yellow Warbler (Dendroica

petechia).

According to the study, oak ecosystems adjacent to urban habitats experienced lower bird
assemblages, with increased presence of urban generalist avian species in the oak ecosystems. Bark
gleaning insect-eating bird species undergo displacement by ground-foraging seed-eating urban bird
species when in close proximity to urban environments (Blair 1996). Urban bird species dominating oak
habitats could hinder the reproduction of shrub and forb species crucial for prairie oak bird species.
Coniferous habitat contained the most bird assemblages and is the dominant environmental influencer
altering oak habitat (Feldman and Krannitz 2004). The researchers reported that fragmented oak habitat
surrounded by coniferous habitat supported bird species from both types, while urban bird species

dominated oak habitat surrounded by urbanized habitat type.

Expansion of exotic and woody plants, fire suppression and other ecological drivers influence or
are influenced by fragmentation which further diminish prairie ecosystem services (Samson and Knopf
1996). Throughout the southern Great Plains, grassland bird species population declines coincide with
increased juniper (Juniperus virginiana) encroachment into prairies (Coppedge et al. 2001). In North
Dakota, South Dakota, and Montana less than 404,000 ha of mixed-grass prairie has been lost (Higgins,
Naugle, and Forman 2002). Comparable with predator responses to fragmentation, few scientific studies
directly examine grassland bird species breeding response to woody plant coverage and composition

(Grant, Madden, and Berkey 2004).
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In addition to edge effects, patch size, and predator response to fragmentation, how influential is
woody species encroachment on grassland bird populations? In 1995 and 1996, Grant et al. 2004
conducted observational research into the woody tree and shrub invasion in mixed-grass prairies and the
implications for breeding grassland birds at the Clark Sayler National Wildlife Refuge, North Dakota.
The 23,900-ha mixed-grass prairie located within Souris Lake Plain, once dominated by a native
wheatgrass (Stipa-Agropyron), is now interspersed with exotic smooth brome (Bromus inermis) and
Kentucky bluegrass (Poa prantensis) (Grant, Madden, and Berkey 2004). Additionally, at the wildlife
refuge’s southern border, mixed-grass prairie displacement has nearly doubled in the past 60 years by
non-native trees and shrubs, primarily aspen (Populus tremuloides) and willow (Salix spp.) (Grant,

Madden, and Berkey 2004).

The 2004 Grant study recorded 49 bird species in 192 100-m plots with up to 250 m between
prairies in close proximity to woodland encroachment. The researchers measured litter depth, vegetation
density, and live vegetation percentage. They later noted the presence or absence of breeding grassland
birds. As woody vegetation presence increased the probability of breeding bird species presence
decreased for 11 out of 15 grassland species. The researchers concluded that bird species breeding
density negatively respond to growth in height of woody brush, shrubs and trees. Meaning grassland
habitat was unsuitable for nine grassland bird species when woodland cover exceeds 25%. According to
the study, woodland cover is the most important variable when considering breeding grassland bird
species response. Savanah Sparrow (Passerculus sandwichensis), Bobolink (Dolichonyx oryzivorus), and
Grasshopper Sparrow (Ammodramus savannarum) reached maximum breeding threshold at more than
80% treeless open cover prairie with occurrence probability declining by 50% at 10-25% woodland cover

(Grant, Madden, and Berkey 2004).

The data also indicated that as the levels of woodland influenced litter increased, Horned Lark,
Sprague’s Pipit, and Vesper Sparrow occurrence decreased. The research supports (Jones 2001)

conclusion that grassland birds specifically display fitness and survival advantages by selecting grassland
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over woodland habitats for breeding. Overall, research findings woodland obligate breeding bird species

rapidly decline in occurrence as woodland cover increased 5-10% (Grant, Madden, and Berkey 2004).

Prairies and the Oregon Vesper Sparrow

Habitat Needs

Known habitat characteristics suitable for Oregon Vesper Sparrow breeding are prairies covered
with short, patchy grass, tall forb cover mixed with exposed ground, with low tree and shrub cover.
Another important factor is having diverse herbaceous vegetation within the breeding habitat. Bare
ground with short vegetation is utilized for foraging. Moderate structured vegetation provides cover for
ground nesting while scattered tall structured vegetation is used as perches for singing (Altman, 2017).

Almost half (48%) of the vegetation composition of pasture habitat where Oregon Vesper
Sparrows were detected consisted of <10% shrub cover in pastures which were entirely herbaceous, 17%
detected in pastures with 10-25% shrub cover (Altman 2000). Altman (2017) recorded percentage cover
of vegetative growth form/condition at >800 plots within 800 territories where Oregon Vesper Sparrows
have been detected from May through July 2015. 63% of the plots contained herbaceous vegetation,

while >1% had woody debris (Table 1).
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Table 1. Vegetation summary survey of 57 occupied Oregon Vesper
Sparrow plots in the Puget Lowlands (Altman 2017)

Growth % Plots Containin
Condition i

Herbaceous 63 %

Grass 60 %

Forb 40 %

Rock 14 %

Bare Ground 11 %

Moss/Lichen 9%

Shrub 3%

Woody Debris >1 %

Thatch >1%

Non-habitat >1%

Tree >1%

Feeding habits of the Oregon Vesper Sparrow are unknown, although they have been reportedly seen
feeding on insects from low forbs and dandelion seeds (Taraxacum officinale) (Altman 2017). It is likely
they have a flexible opportunistic diet due to the climate variance between their breeding and wintering
ranges (Altman, 2017). They have been observed to forage for invertebrates from vegetation, exclusively

within their territory during the breeding season (Rodenhouse and Best 1994).

The Oregon Vesper Sparrow and Fragmentation

Due to the limited data available on the Oregon Vesper Sparrow due to their low population
densities and isolated habitats, little is known about their interactions within their environments. No
information exists on any mutualistic, symbiotic, or parasitic relationships with other species. Likewise,
no data exists on Oregon Vesper Sparrows falling prey to predators (Altman 2017). Although, predation
of small to medium passerines by larger raptors makes it likely the Oregon Vesper Sparrow can fall prey
to predatory birds, mammals and reptiles (Altman 2000).

Relating patch size to nest survival and reproductive success of grassland birds largely depends

on edge effects of the fragmented habitat. If landscape spatial structure restricts movement between
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patches, the area required for population survival is large, as edge restricts habitat, further isolating
Oregon Vesper Sparrow populations. If landscape spatial structure enhances movement, the area required
for survival is smaller.

Some areas where Oregon Vesper Sparrows nest include grasslands and savannahs undergoing
restoration management and airports. Within these locations, management practices like mowing can
have significant negative effects on the reproduction of the species (Kershner and Bollinger 1996).
During ecological restoration of a habitat manual and chemical removal of invasive and undesired
vegetative species can lead to nesting failure and nest abandonment, even if done outside of the breeding
season. No information exists on the effects of pesticides and herbicides on the Oregon Vesper Sparrow,
although Vesper Sparrows may be vulnerable to pesticide use based on data from (Robbins 1992). Being
a subspecies of the Vesper Sparrow, lacking information on the Oregon Vesper Sparrow is referred to its

close relative of the Vesper Sparrow.

The encroachment of housing developments on Oregon Vesper Sparrow viable habitat poses and
increasing threat of reproduction disturbance. Nesting sites may be subjected to recreational activities
such an increase in foot-traffic and off leash domestic dogs (Canada 2018; R. E. Rogers 2000) .
Additional degrading effects include horseback riding, hiking and bicycling (R. E. Rogers 2000).
Domestic cats (Felis catus) have been noted as the greatest predation threat to an Oregon Vesper Sparrow
population which formally occupied Nanaimo Airport on Vancouver Island (Altman 2017). Within the
scant research on Oregon Vesper Sparrow species data on nest site selection based on landscape
composition is not well known. More precisely, can nest selection in relation to the overall habitat matrix

be spatially analyzed using Esri GIS software to detect the relationships and test their strength?
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Methods

Pre-Monitoring Surveys

I obtained coordinates from the Center for Natural Lands Management of Oregon Vesper
Sparrow nests in the North Weir prairie (upper and lower) on Fort Lewis Military Installation and the
Artillery Impact Range, or the AlA, on Joint Base Lewis-McCord for 2017, 2018, and 2019. | selected
these locations for my study area because the Center for Natural Lands Management has been authorized
to operate in these military-controlled areas for their ongoing projects. Also, these are the areas of the
Puget Lowlands which have the most consistent presence of Oregon Vesper Sparrow populations for the
past three years, compared to other project sites. The Weir prairies are located southwest of Yelm and
northwest of Rainier, WA. Access to the prairies is restricted to the general public due to onsite military
training operations, prairie restoration and management, and the presence of endemic prairie flora and
fauna. Permission for prairie access must be scheduled and approved with Center for Natural Lands

Management and Joint Base Lewis-McCord military range control officials.

The initial survey areas of my study were established in 2015 by Center for Natural Lands
Management staff on North Weir and AlA. The avian surveys were completed via occupancy transects
and point counts. Occupancy transects are useful in establishing early detection and identification of
breeding pairs and their territories, a useful methodology when surveying migratory birds like the Oregon
Vesper Sparrow. The grid transects measured 25 x 25 m in areas selected for monitoring relationships
between fire, vegetation, and bird assemblages. A single random point was placed onto each grid, from
which a 150 meter transect line was constructed. Transects were at least 150 meters apart from each other

and from any habitat or patch edge.

In North Weir, surveys were completed where suitable habitat for the Oregon Vesper Sparrow
was present, the majority of the landscape where prairie habitat was dominant; patchy grasses, low

numbers of evergreen forest trees encompassed by the prairie, and open range. On the AlA, Center for
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Natural Lands Management faced considerable restrictions and inaccessibility for most of the area for
survey due to unexploded ordinances present in the range. Under the supervision of Joint Base Lewis-
McCord personnel transects were established in specific allowed areas of the AIA. Largely due to
unexploded ordinances and regularly scheduled active artillery activity on the range, the area for surveys
and study are unconventionally constrained when compared to the area of North Weir. Thus, a complete

survey of the area was not completed, limiting the area considered ‘available’ in my approach.

During active nest survey monitoring from 2017 to 2019, transect surveys were completed
moving from East to West or South to North, taking approximately 15 to 20 minutes to complete. In
cases where high bird activity was occurring in an area not involved in the study area a transect was setup
at that location. Transects ranged from estimated 50 to 200 meters with 2 to 4 surveyors at least 25 to 50
m apart. With bird activity in high grasses dragging a rope approximately 14 meters long between two
surveyors with 1 or 2 more trailing was used in attempt to flush birds from their nests from the thick

ground vegetation.

Oregon Vesper Sparrow Monitoring

During the spring of 2019, | joined Center for Natural Land Management researchers in North
Weir for first-hand field experience in the data collection protocol, and to gain insight as to what variables
might be associated with nest locations. My fieldwork included observing and aiding in locating ground
nests, becoming familiar with identifying the Oregon Vesper Sparrow by sight, flight and vocalization,
and become familiar with the characteristics of the landscape in the field rather than solely using satellite
imagery. | was guided through the process every day in the field by two AmeriCorps researchers, and

occasionally joined by the senior ornithologists and researchers.

Survey dates fell between May 1% to June 30" to coincide with the Oregon Vesper Sparrow
breeding season. Males tend to arrive early in early May to set up territories. Thus, researchers mapped

territories during this time while they males were still highly visible and vocal. Many males were color-
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banded (unique combinations of colored bands on their tarsals) from previous seasons. Un-banded birds
were tracked, trapped, banded and measured, then released. The mapping protocol used was qualitative,
as mapping the territories is primarily used to aid researchers in tracking banded pairs back to a specific
area, rather than quantifying territory boundaries. Surveying protocol was to begin counts at sunrise and
continue until bird activity diminished significantly. In some cases, rain or intense fog may have factored
into diminished bird activity, such as singing, and resulted in terminating surveys as early as 8:30 AM.
Generally, if conditions resulted in < 200 meters of visibility, survey counts were put on hold until the
following day. On days where weather conditions resulted in ample sunlight and diminished cloud cover,

surveys could go until as late as 1:00 PM.

For my field research, | arrived in the field between 5:00 and 5:30 AM and stayed through ~1:00
PM Mondays, Wednesdays, and Fridays. The AmeriCorps researchers were present for observations
even more often. Most of the surveys were concentrated in areas where the birds tended to frequent, such

as the northeast area of the Upper Weir (Figure 4).
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Figure 4 North Weir contains two sections, Upper Weir and Lower Weir




Oregon Vesper Sparrows heard or seen in any area of the Weirs prompted further investigation.
From 5:15 till 7:00 we generally surveyed in pairs or independently, following cues from singing males.
Between 7:00 and 8:00 we started the process of actively tracking males throughout their territories. At
this stage of the season, breeding pairs had already excavated nest sites in the ground. Our objective was
to track males through their territories to increase the chances of spotting the female. We had greater

success in locating a nest by tracking a female than a male.

Encountering Birds

Point counts were used to identify breeding pairs and nests in addition to transects. No defined
survey routes were present for point counts. Point counts were typically done alone or in pairs and lasted
approximately 8 minutes in a single area where a bird was heard or seen. All birds within 150 meters
distance were counted that were perched or flying between vegetation. Flyovers were not counted and
were difficult to track, especially with the presence of other sparrow species similar in appearance to
Oregon Vesper Sparrows, when flying. Perch stands, where Oregon Vesper Sparrows could be observed
singing, were recorded by Center for Natural Lands Management staff. For the purpose of my research, |

did not include these in my variables.

Most birds we encountered were accidentally flushed from a nest or the ground during a point
count survey. When an Oregon Vesper Sparrow was spotted, we took great precaution when approaching
the bird as to not flush it further from the area. Often times when the bird noticed us approaching it
would perch and proceed to ‘fuss call’. We kept a distance of approximately 40 to 60 meters from the

bird as to not drive it from its territory or further from its nest.

Even with the flushing of a female just a few meters away, it was challenging to locate the nest
from which she left. The ground of North Weir, while patchy, is carpeted with tall grasses, thick forbs,

and scattered flowering shrubs. When observing the landscape from the ground, the vegetation appears
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similar and continuous, making it difficult to pinpoint a particular area where a bird might have flushed
from. Adding to the complexity of finding nests, the females regularly lured us away from the nests,
which is a typical behavioral adaptation of ground nesting grassland obligate birds. It is highly possible
as we followed her from perch to perch after she was flushed, we were within her territory but getting
further away from the nest than we expected. When we tracked the female to a perch, we kept a distance
of approximately 40 meters. A few times we observed from 80 meters away from all sides when she was
high in a Douglas fir, keeping an eye on her movement with binoculars and signaling to the other
researchers using hand gestures. At times she would stay in that location for only a few minutes, but
sometimes up to 15 or 20. Eventually she would drop to the ground, out of sight under the vegetation and

proceed back to the nest, leaving us to examine the area on the ground for nests in the wrong area.

It often seemed as if the birds were phishing us away from the nest, rather than the researchers
phishing them towards us. While the nest might not be in the immediate area of eyesight, it was generally
within 50 meters. When the female disappeared by dropping back onto the ground, we attempted to flush
her again after a few minutes to get a more accurate area of where the nest was located, with limited
success. We were careful to not do this more than 3 or 4 times in one day as to not put unneeded stress on
the female. Disturbing the males or females within the field during these months of the breeding season
to an unnecessary amount could prove detrimental to their breeding success. By this time, all nests most
likely contained eggs or nestlings of just a few days old. Too much researcher disturbance could impede
their survival by keeping the female from incubating the eggs and keeping the nestlings warm; also, by
keeping the male from feeding the female or nestlings. Food searching (foraging and hunting) energy

expenditures are costly (Rosenzweig 1981).

Whether following a female to her nest or searching the ground in transects, we walked slowly,
carefully and deliberately as to not accidentally step on any ground nests. The nests we observed were
tucked at the base of tall grasses generally over a foot in height, making them difficult to locate.

Numerous of times we observed a male perched on a tree or snag with food in his mouth, most likely

31



insects. Holding the food in his mouth for several minutes perched, he was likely delivering food to the
female as she incubated the eggs or feeding the hatchings. As with the female, we stayed back at least 40
meters to watch where he flew to gain an estimation of the location of the nest. During my time in the
field, this strategy was not successful as he was not as quick to get back to the nest, would often swallow

the food and fly away.

During the 2019 survey season, no nests in North Weir were found during the construction period
of nesting. All nests found were either occupied with eggs or hatchlings. Located nests were logged with
date, time, contents of nests and cartesian coordinates. Nests were visited every 2 to 4 days to record the
progress of the eggs or hatchlings. When approaching the nest for progress update, a path was not used
more than once, touching the nest or host plant with bare hands was not permitted. Limiting our time at
the nest was paramount in addition to the previous steps as to prevent indirectly leaving physical or scent

trails which predators could use as visual and chemical cues to find the nests.

Once the nestlings reached the age of at least 4 days they were ready for banding and
measurements. Before handling the birds, hands were rubbed in the soil and vegetation litter to mask our
scents. The measurement process was done as efficiently, quickly, and gently as possible, while the
mother fuss-called at us from nearby vegetation as we handled the nestlings. The nestlings were placed
into a soft sack and one by one were banded, weighed, tarsus length and pin feather scores recorded. By
mid-June all nestlings have fledged and began taking flight. Eventually all Oregon Vesper Sparrows

vacated the prairies to migrate south for the fall and winter months.

Data Management - GIS

ArcGIS Pro was used to process visual representation of the data and run geospatial analytics on
the nest location data obtained from Center for Natural Lands Management. The data contains NestID,

Year, and coordinates as Easting and Northing. | uploaded the information to ArcGIS using the XY Table
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to Point feature, exporting the data onto the map with coordinate system set to NAD 1983 HARN UTM

Zone 10N to accurately represent the spatial dimensions of my study area.

Each nest site has a buffer feature layer of 64 meters to represent theorized habitat territory of the
Vesper Sparrow (Reed 1986). No data currently exists within the scientific literature of Oregon Vesper
Sparrow territory range. Since it is a subspecies of the Vesper Sparrow, 64 meters of the Vesper Sparrow
territory range is used as a substitution. Within these buffer areas for each nest is where | analyzed the
relationship between nest location and variables. These variables include tree species, distance to nearest
tree, and distance to edge habitat. For North Weir, only 2018 and 2019 data were used due to the limited
number of nest points for 2017 (Figure 5). As for the AlA, data from 2018 was used for analysis (Figure

7).
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To obtain the accurate number of trees and the species | went back into the Weirs for ground
truthing in the Winter of 2020. Attempting to do so from satellite imagery is possible but entails a greater
chance for error in miscounting and misidentification. | uploaded a map containing the nest locations
with buffer feature layers with Google-Maps to navigate the field to obtain the tree counts and species;

which were logged and stored using the Esri GIS mobile application, Survey123.

Tree species present within buffers included Douglas-fir (Pseudotsuga menziesii), Garry Oak
(Quercus garryana), and Pacific Madrone (Arbutus menziesii). The Douglas fir and Madrone still had
vegetation, yet the Garry oak species did not during the winter months. Utilizing a dichotomous key and
input form researchers who frequent the area for vegetation surveys, | am positive the leafless tree species
| observed to be Garry oak. As for the AlA, the satellite imagery displays one species within a nest site
buffer zone from 2018. Due to the constrains of my timeframe, | was not able to coordinate a time where
I could be escorted into the AlA to ground truth the species of this single tree. The process to gain access
the AIA can be time consuming process and navigating the area is dangerous due to artillery use. Under
advice from Center for Natural Lands Management staff, | decided to forego ground truthing the AIA for

a single tree species.

To obtain the count and weight of the tree species within each buffer | used the spatial join tool in
ArcGIS Pro for the years of data used from the Weirs and AlA. Parameters of the spatial join for each
year were the same. The target features were the grouped nest ID within a year, the tree species set as the
join features, join operation-one to many, with an intersection of 64 meters. This operation provided a

feature whose attribute table grouped the nests with an ID code.

From this attribute table | summarized statistics to produce a standalone table by calculating the
count of tree species for the NestID fields, and kept track of the count of trees, which is broken up into

tree species in the following fields: Pseudotsuga menziesii, Arbutus menziesii, and Quercus garryana.
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As for the distance from nest location to nearby roads, | ran the Generate Near Table feature for
each year. The input features in the parameters, what feature is the subject of this tool, was the grouped
nest year, features to measure (new features) was the road line features | drew within the map, with a
search distance of 64 meters using a planar method. The resulting stand-alone tables display the distance
from nest sites to road by year. Ground truthing the roads which would be in the 64m buffer of any nests
or control points on the Weirs was done during while truthing the trees. This was not done for the AIA

because of access and project timeline constraints.

The process of spatial analyzing nest distance to road and tree density was also done for random
nests in the control points. In ArcGIS Pro, the Create Random Points geoprocessing tool allows the user
to create random points on a map. This is what | used for establishing my control points for my test on
the prairies. The random nest points datasets are separated by year. The number of points generated for
my control is equal to the number of found nests within that point. Random points in North Weir, Figure
6, and AlA, Figure 8, were constrained via the feature layers outlining the boundaries of the study areas.
Minimum distance of each random point was 60 meters, to provide variability from the 64 meters habitat

buffer. In North Weir, each random point was ground verified for road presence and tree species.
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Figure 6 North Weir Unoccupied Nests, 2018 & 2019, with 64 meters buffer, tree species and roads
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From the overall data of Oregon Vesper Sparrow nest locations in North Weir and AIA from
2017 to 2019 | established a minimum sample size limit of 7. Thus, for the AIA, data from 2018 was
analyzed with a sample size of 11. From North Weir | used data from 2018 and 2019, both yielding a
sample size of 8 individually. Data from North Weir 2017, AIA 2017 and 2019 yielded less than 7
respectively. A sample size too small for my analysis increases the likelihood of a Type Il error and
limiting power of the overall test. Data collected through CNLM and my fieldwork were organized in

ArcGIS Pro and analyzed in R (R Core Team 2020).
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To test whether tree density or distance from road, habitat edge, corresponds with where a
breeding Oregon Vesper Sparrow pair will nest within a particular location a logistic regression was used.
The presence of a nest in this test in binary, occupied or unoccupied. Because all of the nests found
within the data collected were occupied, random nests points for each dataset were created and are
represented in the data tables with their own unique IDs. For any model returning a significant
coefficient, | used a likelihood ratio test from the R package ‘Imtest’ to examine the model fit (Zeileis and
Hothorn 2002). After, | visually examined residuals from the logistic regression plots for distribution,

linear patterns and skews.

Results

Summary statistics of the variables collected in the field in relation to occupied and unoccupied
nests, by site and year, are presented in Tables 3, 4, 5 and 6. Table 3 contains statistics of tree species
within 64 meters of occupied and unoccupied nests in the Weir prairies; Table 5 presents the same for the
AlA. Table 4 has Weir summary statistics of road edge distance to occupied and unoccupied nests,

similar in Table 6 for the AIA.

Logistic regression analysis of the Weir prairies data in all three datasets showed no statistical
significance in the relationships across all variables. Table 7 represents the results of the logistic

regression modeling between nests and trees, Table 8 of distance to road.

Table 2 Weir Summary Statistics of trees < 64 meters of nest

Weir Min Max Median
2018 Occupied 0 30 0
2018 Unoccupied 0 77 8.5
2019 Occupied 0 4 05
2019 Unoccupied 0 8 0
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Table 3 Weir Summary Statistics Road Distance from nests (m)

Weir Min Max Range Median Mean
2018 Occupied 8.8 245.9 237.2 68.6 96.9
2018 Unoccupied 9.4 150.1 140.7 51.3 57.9
2019 Occupied 8.7 22.0 213.3 60.8 79.1
2019 Unoccupied 29.5 173.4 143.9 77.7 93.7

Table 4 AIA Summary Statistics of trees < 64 meters of nest

AlA Min Max Median
2018 Occupied 0 1 0
2018 Unoccupied 0 3 0

Table 5 AIA Summary Statistics Road Distance from nests

AlA Min Max Range Median Mean
2018 Occupied 3.2 105.0 101.8 25.7 40.5
2018 Unoccupied 8.9 223.6 214.7 86.1 119.9

Table 6 Logistic Regression Results, p-value of tree presence > 64 meters of occupied nests

Dataset Species Total Douglas Fir Garry Oak Arbutus
p-value p-value p-value p-value
Weir 2018 0.303 0.633 0.392 ~1
Weir 2019 0.909 0.903 0.995 N/A
AlA 2018 0.400 0.400 N/A N/A

Table 7 Logistic Regression coefficient estimate and road distance statistics.

Dataset Logistic Distance from
Regression Road
Coefficient Occupied < 64
Estimate prvElive (meters)
Weir 2018 Nests | -0.0574 0.106 22.2
Weir 2019 Nests | -0.0383 0.141 44.9
AIA 2018 Nests | -0.0676 0.016 * 23.0
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Nest distance from road for AIA 2018 data had a statistically significant relationship to nest
occupancy (Table 8). | compared the significant logistic model to a null model with a Likelihood Ratio
Test (2 = 15.99 p < 0.001). As the distance from road to nest increases, the likelihood of nest
occupation decreases. The occupied and unoccupied nest locations are plotted by their distance from road,
for the AIA 2018 dataset (Figure 9), with the curve corresponding with the results of the logistic
regression summary of Table 8. Oregon Vesper Sparrows occupied nests were more likely to be within

64 meters of a road, than random unoccupied locations on the AIA in 2018.
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Figure 9 AIA 2018 occupied nests (y = 1) and unoccupied locations (y = 0) with their distance to road. Curve is plotted from the
logistic regression

For the year 2018, occupied nests in North Weir, A1, were in general not within the 64m buffer
of any trees, with the exception of nest TA21_18-01 and TA21_18-07, see Figure 10. Nest TA21 18-01
had 30 trees total within 64 meters, the majority being Pesudotsuga menziesii at 19. Quercus garryana
was the most abundant tree present 64 meters from nest TA21-18-07 at 22 trees of the total of 26.

Looking at the Random Nest Points, tree species were greater in numbers within 64 meters of these
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unoccupied randomly generated points. Nest WeRan18 18-02 having the most trees present at 77, 68 of

those being Quercus garryana.

Data from tree presence within 64 meters of Weir nests in 2019 is categorized in Appendix A,
Al. Tree presence is low across all occupied nests. Nests with greatest number of trees present within 64
meters are TA21_19-01 and TA21_19-06, Pesudotsuga menziesii counting for the majority of both at 3
(Figure 6). Arbutus menziesii are not present within 64 meters of any occupied or unoccupied randomly
generated nests. The unoccupied random generated nests also had a low number of tree presence within

the 64 meters buffer.

Referencing A2, Weir 2018, 4 out of 5 occupied nests were made within 64 meters of a road:
TA21 18-01, TA21_18-06, TA21_18-07, and TA21 18-08, with an average distance of 22.24 meters.
As reported in Table 8, there is no significant relationship of road distance within the dataset of Weir
2018 and Weir 2019. In A3 we see 5 out of the 8 occupied nests met the threshold of having a road
within 64 meters, TA21_19-01, TA21_19-05, TA21_19-06, TA_19-07, and TA_19-08. All with an
average distance of 44.93 meters. Although, the table does report a significant relationship of occupied

Oregon Vesper Sparrow nests present within 64 meters of a road structure.

A4 data is the trees counted within 64 meters of occupied and unoccupied random generated nests
for the AIA in 2018. A single occupied nest had any tree presence within 64 meters, R76_18-05, 1
Pesudotsuga menziesii. This was the only tree species counted within the set boundary of the AlA. |
established this boundary to encompass all occupied and random nests and their buffers. Communication
with researchers who have frequented the AIA confirm it is likely the trees present are Pesudotsuga
menziesii. Hence, this was the only species accounted for in the table. Nest distance from road data is
represented in A5, where 8 out of 11 occupied nests are within 64 meters of a road, with an average

distance of 23.0 meters (Figure 10).
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Discussion

Tree Presence and Nests

Oregon Vesper Sparrows are ground nesters (Altman 2017; 2011), usually excavating nest sites in
wide open areas of the prairies. Figure 5 and Table 1 show the most prominent trees classified within the
inner boundaries of the prairie to be Pesudotsuga menziesii. Even from the North Weir 2019 data, which
does not have as many tree counts, Pesudotsuga menziesii is the most dominant tree species present. On
the AIA, regular artillery fire and military activities most likely account for the lack of trees within most
of the interior area when compared to a prairie matrix such as the Weirs, Figure 7. Pesudotsuga
menziesii are not considered to be endemic to the breeding success or nest placement of the Oregon
Vesper Sparrow. Quercus garryana is a prairie oak species which may have positive implications in
cases of prairie habitat ecosystem functionality, biodiversity, and avian assemblages (Taylor and Boss
1975; Hamman et al. 2011; Feldman and Krannitz 2004). However, from my data there appears to be no
significant relationship of where the birds are choosing to lay their nests when considering the habitat
matrix at the landscape scale. The same can be observed for Arbutus menziesii, which was the least
present amongst all datasets and within 64 meters range of occupied nests. | observed in the field very
few individuals or pairs of Oregon Vesper Sparrows utilizing trees for other than fuss calling at
researchers or perching and singing. Yet, these behaviors | observed were done mainly from relatively
low height shrubs. If | were to continue my research, | would then focus on shrub species and the
frequency the birds utilize them for perching and singing. Analyzing correlations to the patterns of shrub
height, width and species. While tree presence is generally associated with bird assemblages, when
considering the Oregon Vesper Sparrow and other ground nesting prairie obligate species a different way
of quantifying this relationship could drive research forward. If these birds are nesting on the ground, are
for the most part threatened and declining in population, how can tree presence positively or negatively

affect conservation efforts?
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Nest Distance to Road

Distance of nest to road was chosen for this research because of the ground nesting behavior of
the Oregon Vesper Sparrow. | was not given data other than the nest locations and had only the time and
resources to measure variables on a landscape scale rather than the habitat scale, like grasses around nests.
The Weir prairies may be considered unique for the habitat is highly restricted not only to the public, but
to researchers and military personnel as well. As soon as you enter, you are greeted with signs stating all
military and civilian vehicles are to stay on the roads and not enter the interior habitat, the prairies. Roads
along the exterior are frequented by logging trucks. Road activity near the entrance are used by civilians,
while the interior roads are frequented by researchers and the military. The measure of this frequency is
unknown. | was curious if nesting on the ground, rather than in a tree, where foot traffic is relatively low
and scarce compared to vehicle traffic influences nest placement. While all occupied nests were
measured for distance from nearest road, only those within 64 meters were analyzed in the linear

regression model, based on the (Reed 1986) information of VVesper Sparrow territory ranges.

While there was a significant logistic regression coefficient for distance to the closest road
structure and nest occupancy within 64 meters on the AIA from 2018, the same is not true for the Weir in
both datasets of 2018 and 2019. Figure 11 compares the landscape matrix of the AlA to that of North
Weir, their components are dissimilar. While North Weir had sections of habitat considered grassland
prairies formed by glacial outwash (find citation), the AlA is frequently bombarded with ammunition fire
and explosives. It has been reported by researchers that this type of military activity on the AIA sparks
fires which may mimic naturally occurring fires on the prairies. Prairie fires are considered endemic to
the stabilization of grassland prairie habitat when naturally occurring events are not overly suppressed or
controlled burns are used to improve landscape composition, in turn improving biodiversity (Hamman et

al. 2011).

In addition to the Oregon Vesper Sparrow, the Mazama pocket gopher (Thomomys mazama) and

Taylor checkerspot butterfly (Euphydryas editha taylori) are also present in the AlA (U.S. Fish and
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Wildlife Service 2013). Some researchers speculate this is because the fires are promoting stable prairie
conditions. Current restoration projects on in upper Weir of North Weir include a 5-year strategic
management plan accounting for wildlife and habitat restoration, administered by Central for Natural

Lands Management and Joint Base Lewis-McCord staff.

Another factor to consider is the ability of researchers to survey for birds on the AIA. While
surveys were done fully in the Weir prairies, safety concerns greatly restricted survey efforts for the AlA.
The survey area of upper and lower Weir is bounded by forest habitat, highway, urban habitat and slopes,
creating a barrier to which we could survey for Oregon Vesper Sparrow populations. The AlA is also

bounded, but researchers do not have readily access to the entirety of it as in North Weir.

Occupancy surveys in the AIA for 2018 and 2019 were done primarily along the borders near the
forest edge. The area where the nests were found, the data for my research, is in an area where roads are
clustered within a small area. Surveys were conducted throughout the area shown in Figure 11, but it is
still possible that the significant finding for nest occupancy with distance to road is due in part to
unintentional observer bias, if they were more likely to notice nesting behavior in areas close to occupied
nests. Even if surveys are completed for the entirety of the area, constraining PPE gear, time and
frequency to survey limitations may hinder the ability to correctly estimate Oregon Vesper Sparrow
population in the AIA. In creating the study boundary for the AIA, | was unable to obtain information
regarding the exact boundaries of the survey area for nest monitoring. The boundary | created is the best
approximation based on the data | received. During my time in North Weir | learned it can take days or
weeks to locate a nest, even with general knowledge of where one is located. However, because | have
never been to the AIA to observe how the grasses and vegetation are laid out, this is speculation. It could
be ground nests are easier to find on the AlA than in North Weir, thus time and effort is not as
consuming. If not, the real-world access limitations of the AIA could skew the theoretical logistical

modeling of my test.
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Analyzing relationships of habitat characteristics on the landscape scale on the Weir prairies did
not yield any significant relationships for my research. However, it is interesting to note that the direction
of the relationship between nest occupancy and distance from road is the same for the Weir sites (2018
and 2019), although non-significant, as the AIA 2018 relationship. Coefficient estimates of NEAR_DIST
relationship with nest occupancy in Table 8 further reflects the association. AIA 2018 has a coefficient
estimate of -0.06765, compared to the Weir 2018 -0.05743 and Weir 2019 -0.0383, ever unit of 1 increase
in NEAR_DIST, the less likely a nest will have occupancy. Is the relationship measured in A5 for AIA
2018 a reflection of how Oregon Vesper Sparrow populations respond to habitat fragmentation in their
breeding season, carrying out breeding behaviors like selecting nest locations? Consider my variables of
nest location and road structure < 64 meters of the nest. | measured the presence of the nearest road to the
nest as explanatory variable, but not the specific edge effects of the roads themselves. While further
research will be needed to analyze those effects, we can glean information from published research to

bring this research full circle back into habitat fragmentation.
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Figure 12 Comparison of boundaries and roads between study sites




Referring to Figure 8 for the AIA and Weir prairies notice how the placement of the roads is
breaking up the continuity of ground habitat made available for nesting. The interior of these areas in my
study areas are considered patches. A series of these composes the matrix of the landscape. From a
visual standpoint, one can argue the Weir prairies are more fragmented than the AIA. There is a linear
relationship in that as patch size increases, distance from core habitat to edge does as well, potentially
making it difficult for species to access other patches of the matrix (Davis et al. 2006). However, most
bird species like the Oregon Vesper Sparrows can more able to bypass the patch core to edge distance
with flight. Even so, this ability is affected by characterizations of their habitat and landscape matrix,
meaning corridor protection, restoration and management of landscape vegetation are important when

considering habitat connectivity and access for birds (Castellon and Sieving 2006).

Roads measured within my datasets are not major highways and have relatively low traffic and
are not likely acting as a barrier from Oregon Vesper Sparrow accessing various patches of the landscape
matrix. However, as ground nesters the roads may play a role in where they choose to excavate the
ground for nest placement. The effects of nest success rate near non-high activity highway roads have
been shown to have negative effects on nest survival (Webb et al. 2012) as well as no measurable
significant effect (Dzialak et al. 2011). Roads primarily used for logging trucks in managed lands are
known to act as corridor access into clearcut areas or shrublands for predators, potentially increasing
occurrences of nest predation (Askins 1994; Small and Hunter 1988). These effects are not only based on
the predator presence of the landscape but also the varying distance of nests to roads; and distance to
clearcut edges have been found to have a stronger correlation with nest survival (Yahner and Mahan

1997).

During my time spent in North Weir prairies logging trucks along the outer perimeter on the
western side of South Weir were frequent in the spring. Only one nest was in a patch which bordered this
road but was not within 64 meters of it. From my observations, the rest of North Weir roads were

infrequently used by researchers and people in 4-wheeled vehicles. In the AIA | find it highly unlikely
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the roads within the study area are used on a daily basis, if at all. The positive relationship of nest
occupancy within 64 meters of a road on the AIA may be because the fires and artillery barrage in the
area force people to stay off and likely deter predators from using the roads to access the Oregon Vesper

Sparrow breeding habitat.

Many bird species return to breeding grounds season after season, like the European Pied
Flycatcher (Ficedula hypoleuca) (Greenwood and Harvey 1982). While more data needs to be collected
in future seasons, there is a possibility Oregon Vesper Sparrows may be returning to either North Weir
prairie or AIA multiple breeding seasons. If so, research investigating if individual there is individual or
pair preference for certain breeding areas within the habitat and what factors may be influencing those

behaviors would be prudent in understanding Oregon Vesper Sparrow breeding behavior.

Conclusion

Prairie Habitat and Avian Assemblages

When considering what landscape characteristics to focus on in relation to Oregon Vesper
Sparrow habitat management and species conservation, it can be difficult to put weight on variables
which may prove to have significant correlation to breeding behaviors. How can we best put our
resources and energy to strengthen the chances of a bounce back of Oregon Vesper Sparrow populations,
reversing the trend attributed to breeding population isolation? Coming into my research, | expected if
there were a significant relationship, it would be nests being constructed further away from trees, rather
than nests closer to roads. This points to the majority of literature I reviewed examining fragmentation
and bird assemblages stating unexpected results and, in some cases, results conflicting from those of other

studies.

Birds are a fascinating and unique group of organisms when considering habitat fragmentation
due to their ability to fly, allowing them some degree of freedom from the restrictions of confined habitat

corridors in a degraded landscape matrix; especially bird species that seasonally migrate. Oregon Vesper
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Sparrows being a species which nest in the ground on prairie habitat which is quickly disappearing in
their breeding range adds further complications when conducting research. This habitat is not prevalent
and disappearing not only within their breeding range, but all over the U.S impacting the continental wide
communities of prairie obligate species. With the most intact prairies are found on military installations
the argument could be made there is an increasing lack of access to research prairie obligate birds by the
greater ornithological and ecological scientific community. However, the restrictions of these prairies on
military managed lands are most likely the reason why these prairies have prevailed while others have

disappeared.

Oregon Vesper Sparrow Conservation, Looking Forward

At the time of this thesis, Oregon Vesper Sparrows are not listed under the Endangered Species
Act, thus funding to research the species and protect its habitat is not as prevalent as it could be. Lack of
research on the species does little to push forward the efforts of the enlistment and conservation. If
Oregon Vesper Sparrows are enlisted under the act, funding and policy will likely flow towards research
in efforts to protect the species from full extirpation from western Washington and possibly extinction.
My study may provide useful insight towards land managers and organizations which are studying the

species or managing prairie habitat where Oregon Vesper Sparrow populations breed.

There are ongoing projects to not only analyze what habitat and landscape variables may
influence Oregon Vesper Sparrow breeding behavior, but management plans to make non-viable habitat
viable for Oregon Vesper Sparrow breeding are being implemented in western Washington, such as the
Violet Prairie Scatter Creek Preserve in western Washington. As the species migrate to into the state for
breeding season they may come upon such areas and utilize them for breeding habitat, increasing their
chances of survival by lessening the effect of breeding isolation pockets within their range. How road and
tree presence may influence nest site selection may aid land managers recognize the greater potential of

landscape composition influence on nest site selection.
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There needs to be more done by the ecological and ornithological communities in exploring how
habitat and landscape components of the overall matrices affect Oregon Vesper Sparrow selection of
breeding habitat. Additionally, genetic information, wintering behavior and habitat analysis, along with
an investigative approach to the multitude of prairie fragmentation aspects mentioned throughout this
paper will not only benefit Oregon Vesper Sparrows, but potentially the greater community of prairie

endemic species as a whole.

55



References

Altman, Bob. 2000. “Conservation Strategy for Landbirds in Lowlands and Valleys of Western Oregon

and Washington Version 1.0.” Executive Summary. Oregon-Washington Partners in Flight.

. 2011. “Historical and Current Distribution and Populations of Bird Species in Prairie-Oak Habitats

in the Pacific Northwest.” Northwest Science 85 (2): 194-223.

. 2017. “Cascadia Prairie Oak Partnership » Conservation Assessment for Oregon Vesper
Sparrow (Pooecetes Gramineus Affinis).” Executive Summary. American Bird Conservancy.
https://cascadiaprairieoak.org/documents/conservation-assessment-for-oregon-vesper- sparrow-

pooecetes-gramineus-affinis.

Alverson, Ed. 2005. “Preserving Prairies and Savannas in a Sea of Forest.” Cascadia Prairie-

Oak Partnership.

Anderwartha, H. G., and Charles Birch. 1984. The Ecological Web: More on the Distribution

and Abundance of Animals.

Anthony, A. W. 1886. “Field Notes on the Birds of Washington County, Oregon.” The Auk 3 (2): 161—

72. https://doi.org/10.2307/4625363.
A.O.U. 1957. The A.O.U. Check-List of North American Birds. 5th ed.

Apostol, Dean, and Marcia Sinclair. 2012. Restoring the Pacific Northwest: The Art and Science

of Ecological Restoration in Cascadia. Island Press.

Askins, Robert A. 1994, “Open Corridors in a Heavily Forested Landscape: Impact on Shrubland and

Forest-Interior Birds.” Wildlife Society Bulletin (1973-2006) 22 (2): 339-47.

Baker, Robert J., and Robert D. Bradley. 2006. “Speciation in Mammals and The Genetic Species
Concept.” Journal of Mammalogy 87 (4): 643-62. https://doi.org/10.1644/06-MAMM-F-

038R2.1.
56



Beauchesne, Suzanne, and Committee on the Status of Endangered Wildlife in Canada. 2006.
“COSEWIC Assessment and Status Report on the Vesper Sparrow Affinis Subspecies,
Pooecetes Gramineus Affinis, in Canada.” Ottawa: Committee on the Status of Endangered
Wildlife in Canada. http://epe.lac-bac.gc.ca/100/200/301/environment_can/cws-scf/cosewic-

cosepac/vesper_sparrow-e/CW69-14-504-2006E.pdf.

Bent, Arthur Cleveland. 1968. Life Histories of North American [Birds].: Cardinals, Grosbeaks,

Buntings, Towhees, Finches, Sparrows and Allies, Pt. 1-3. U.S. Government Printing Office.

Blair, Robert B. 1996. “Land Use and Avian Species Diversity Along an Urban Gradient.”

Ecological Applications 6 (2): 506-19. https://doi.org/10.2307/2269387.

Bowman, Jeff, Naomi Cappuccino, and Lenore Fahrig. 2002. “Patch Size and Population Density: The
Effect of Immigration Behavior.” Conservation Ecology 6 (1). https://doi.org/10.5751/ES-

00354- 060109.

Boyd, Robert T. Robert Thomas. 1999. Indians, Fire, and the Land in the Pacific Northwest. 1st ed.

Corvallis, Or.: Oregon State University Press.

57


http://epe.lac-bac.gc.ca/100/200/301/environment_can/cws-scf/cosewic-

Burger, Leslie D., Loren W. Burger, and John Faaborg. 1994. “Effects of Prairie Fragmentation
on Predation on Artificial Nests.” The Journal of Wildlife Management 58 (2): 249-54.

https://doi.org/10.2307/3809387.

Campbell, Wayne, Neil K. Dawe, lan McTaggart-Cowa, John M. Cooper, Gary W. Kaiser, Andrew C.
Stewart, and Michael C.E. McNall. 2001. The Birds of British Columbia. Vol. 4. 4 vols.

Passerines. Vancouver, BC: UBC Press.

Canada, Environment and Climate Change. 2018. “Coastal Vesper Sparrow (Pooecetes
Gramineus Affinis): COSEWIC Assessment and Status Report 2018.” December 14,
2018. https://www.canada.ca/en/environment-climate-change/services/species-risk-

public- registry/cosewic-assessments-status-reports/coastal-vesper-sparrow-2018.html.

Caplow, Florence, and Janice Miller. 2004. “Southwestern Washington Prairies: Using GIS to Find
Remnant Prairies and Rare Plant Habitat.” Washington Natural Heritage Program: Washington

Department of Natural Resources.

Castellon, Traci D., and Kathryn E. Sieving. 2006. “An Experimental Test of Matrix Permeability
and Corridor Use by an Endemic Understory Bird.” Conservation Biology 20 (1): 135-45.

https://doi.org/10.1111/j.1523-1739.2006.00332.x.

Chalfoun, Anna D., Frank R. Thompson, and Mary J. Ratnaswamy. 2002. “Nest Predators
and Fragmentation: A Review and Meta-Analysis.” Conservation Biology 16 (2):

306-18. https://doi.org/10.1046/j.1523-1739.2002.00308..x.

Chappell, Christopher B, Rex C Crawford, Charley Barrett, Jimmy Kagan, David H Johnson, Mikell
O’Mealy, GregA Green, et al. 2001. Wildlife Habitats: Descriptions, Status, Trends, and

System Dynamics. 1st ed. Corvallis: Oregon State University Press.

Cooper, Daniel S., and Dan L. Perlman. 1997. “Habitat Conservation on Military Installations.”

Fremontia, January 1997.

58


http://www.canada.ca/en/environment-climate-change/services/species-risk-public-
http://www.canada.ca/en/environment-climate-change/services/species-risk-public-

Cooper, James Graham. 1859. The Natural History of Washington Territory, with Much Relating to
Minnesota, Nebraska, Kansas, Oregon, and California: Between the Thirty-Sixth and Forty-
Ninth Paralles of Latitude, Being Those Parts of the Final Reports on the Survey of the Northern
Pacific Railroad Route, Containing the Climate and Physical Geography, with Full Catalogues

and Descriptions of the Plants and Animals Collected from 1853 to 1857. Bailliére Brothers.

Coppedge, Bryan R., David M. Engle, Ronald E. Masters, and Mark S. Gregory. 2001. “Avian Response
to Landscape Change in Fragmented Southern Great Plains Grasslands.” Ecological
Applications 11 (): 47-509. https://doi.org/10.1890/1051-

0761(2001)011[0047:ARTLCI]2.0.CO;2.

Crawford, Rex C, and Heidi Hall. 1997. “Changes in the South Puget Prairie Landscape, Ch. 5.” In Dunn,

P.V. and Ewing, K. Eds. Prairie Conservation, 11-16. The Nature Conservancy, Seattle, WA.

Daubenmire, Rexford F. 1988. Steppe Vegetation of Washington. Pullman, Washington: Washington

State University Cooperative Extension.

Davis, Stephen K., R. Mark Brigham, Terry L. Shaffer, and Paul C. James. 2006. “Mixed-Grass
Prairie Passerines Exhibit Weak and Variable Responses to Patch Size (Les Passereaux Des
Prairies Herbacées Montrent Des Réponses Faibles et Variables En Réponse a La Taille Des

Parcelles d’Habitats).” The Auk 123 (3): 807-21.

Dawson, William Leon, and John Hooper Bowles. 1909. The Birds of Washington;. Occidental
publishing Company.

Dennehy, Casey, Edward R. Alverson, Hannah E. Anderson, David R. Clements, Rod Gilbert, and Thomas
N. Kaye. 2011. “Management Strategies for Invasive Plants in Pacific Northwest
Prairies, Savannas, and Oak Woodlands.” Northwest Science 85 (2): 329-51.

https://doi.org/10.3955/046.085.0219.

Dunwiddie, Peter, Ed Alverson, Amanda Stanley, Rod Gilbert, Scott Pearson, Dave Hays, Joe Arnett,

Eric Delvin, Dan Grosboll, and Caroline Marschner. 2006. “The Vascular Plant Flora of the
59



South Puget Sound Prairies, Washington, USA.” Davidsonia 17 (January): 51-69.

Dunwiddie, Peter W., and Jonathan D. Bakker. 2011. “The Future of Restoration and Management of
Prairie-Oak Ecosystems in the Pacific Northwest.” Northwest Science 85 (2): 83-92.

https://doi.org/10.3955/046.085.0201.

Dzialak, Matthew R., Stephen L. Webb, Seth M. Harju, Jeffrey B. Winstead, John J. Wondzell, James P.
Mudd, and Larry D. Hayden-Wing. 2011. “The Spatial Pattern of Demographic Performance as
a Component of Sustainable Landscape Management and Planning.” Landscape Ecology 26 (6):

775-90. https://doi.org/10.1007/s10980-011-9607-1.

Easterly, Richard T., Debra L. Salstrom, and Chris B. Chappell. 2005. “Wet Prairie Swales of The South

Puget Sound, Washington.” The Nature Conservancy.
Eberly, Chris. 2002. “Defending the Stepping Stones of Migration.” Birding, October 2002.

Fahrig, Lenore. 1998. “When Does Fragmentation of Breeding Habitat Affect Population Survival?”

Ecological Modelling 105 (2): 273-92. https://doi.org/10.1016/S0304-3800(97)00163-4.

. 2003. “Effects of Habitat Fragmentation on Biodiversity.” Annual Review of Ecology,
Evolution, and Systematics 34 (1): 487-515.

https://doi.org/10.1146/annurev.ecolsys.34.011802.1324109.

Fahrig, Lenore, Victor Arroyo-Rodriguez, Joseph R. Bennett, Véronique Boucher-Lalonde, Eliana
Cazetta, David J. Currie, Felix Eigenbrod, et al. 2019. “Is Habitat Fragmentation Bad for
Biodiversity?” Biological Conservation 230 (February): 179-86.

https://doi.org/10.1016/j.biocon.2018.12.026.

Fahrig, Lenore, and G. W. Merriam. 1994. “Conservation of Fragmented Populations.”

Conservation Biology 8 (1): 50-59. https://doi.org/10.1046/j.1523-1739.1994.08010050.x.

Feldman, Richard E., and Pam G. Krannitz. 2004. “Bird Composition of Oak Ecosystem Fragments in

an Urbanized Setting: The Influence of Adjacent Coniferous Forest Fragments.” Ecoscience 11

60



(3): 338-46. https://doi.org/10.1080/11956860.2004.11682841.

Fish and Wildlife Service. 2012. “Endangered and Threatened Wildlife and Plants; Review of Native
Species That Are Candidates for Listing as Endangered or Threatened; Annual Notice of
Findings on Resubmitted Petitions; Annual Description of Progress on Listing Actions.”

Department of The Interior. https://linkinghub.elsevier.com/retrieve/pii/S0002817761220186.

Fletcher, Robert J., Raphael K. Didham, Cristina Banks-Leite, Jos Barlow, Robert M. Ewers,
James
Rosindell, Robert D. Holt, et al. 2018. “Is Habitat Fragmentation Good for Biodiversity?”

Biological Conservation 226 (October): 9-15. https://doi.org/10.1016/j.biocon.2018.07.022.

Floberg, J., M. Goering, George Wilhere, C. MacDonald, C. Chappell, C. Rumsey, Zack Ferdana, et
al. 2004. “Willamette Valley-PugetTrough-Georgia Basin Ecoregional Assessment.” The

Nature Conservancy.

Foster, J.R., and S.E. Shaff. 2003. “Forest Colonization of Puget Lowland Grasslands at Fort
Lewis, Washington.” Northwest Science 77 (4): 283-96.

Franklin, Jerry F., and C.T. Dyrness. 1973. Natural Vegetation of Oregon and Washington
Northwest Collection (WWU. Portland, OR: U.S. Department of Agriculture, Forest Service,

Pacific Northwest Research Station.

Fuller, Robert J. 2012. Birds and Habitat: Relationships in Changing Landscapes. Ecological Reviews.

New York: Cambridge University Press.

Gates, J. Edward, and Leslie W. Gysel. 1978. “Avian Nest Dispersion and Fledging Success in Field-

Forest Ecotones.” Ecology 59 (5): 871-83. https://doi.org/10.2307/1938540.

Gibbs, James P., and Edward J. Stanton. 2001. “Habitat Fragmentation and Arthropod Community
Change: Carrion Beetles, Phoretic Mites, and Flies.” Ecological Applications 11 (1): 79—

85. https://doi.org/10.1890/1051-0761(2001)011[0079:HFAACC]2.0.CO;2.

61



Giocomo, James. 2005. “Conservation of Grassland Bird Populations on Military Installations in the
Eastern United States with Special Emphasis on Fort Campbell Army Base, Kentucky.”

University of Tennessee, Doctoral Dissertations, , no. 4339 (May): 202.

Grant, Todd A., Elizabeth Madden, and Gordon B. Berkey. 2004. “Tree and Shrub Invasion in Northern
Mixed-Grass Prairie: Implications for Breeding Grassland Birds.” Wildlife Society Bulletin 32

(3): 807-18. https://doi.org/10.2193/0091-7648(2004)032[0807:TASIIN]2.0.CO;2.

Greenwood, P J, and P H Harvey. 1982. “The Natal and Breeding Dispersal of Birds.” Annual Review of

Ecology and Systematics 13 (1): 1-21. https://doi.org/10.1146/annurev.es.13.110182.000245.

Hall, Heidi L., Rex Crawford, and Betty Stephens. 1995. “Regional Inventory of Prairies in The

Southern Puget Trough: Phase I.” Washington Department of Natural Resources.

Hamman, Sarah T., Peter W. Dunwiddie, Jason L. Nuckols, and Mason McKinley. 2011. “Fire as a
Restoration Tool in Pacific Northwest Prairies and Oak Woodlands: Challenges, Successes,
and Future Directions.” Northwest Science 85 (2): 317-28.

https://doi.org/10.3955/046.085.0218.

Hanna, Ian, and Patrick Dunn. 1997. “Restoration Goals for Oregon White Oak Habitats in The South
Puget Sound Region.” In Dunn, P,;Ewing, K., Eds. Ecology and Conservation of the South
Puget Sound Prairie Landscape, 231-45. Seattle, WA: The Nature Conservancy of

Washington.

Henein, Kringen, John Wegner, and Gray Merriam. 1998. “Population Effects of Landscape Model
Manipulation on Two Behaviourally Different Woodland Small Mammals.” Oikos 81 (1): 168

86. https://doi.org/10.2307/3546479.

Herkert, James R., Dan L. Reinking, David A. Wiedenfeld, Maiken Winter, John L. Zimmerman, William E.
Jensen, Elmer J. Finck, et al. 2003. “Effects of Prairie Fragmentation on the Nest Success
of Breeding Birds in the Midcontinental United States.” Conservation Biology 17 (2): 587—

94. https://doi.org/10.1046/j.1523-1739.2003.01418.x. 6



Higgins, Kenneth F., David E. Naugle, and Kurt J. Forman. 2002. “A Case Study of Changing Land Use
Practices in the Northern Great Plains, U.S.A.: An Uncertain Future for Waterbird Conservation.”

Waterbirds: The International Journal of Waterbird Biology 25: 42-50.

Hobbs, Richard J., Eric Higgs, and James A. Harris. 2009. “Novel Ecosystems: Implications
for Conservation and Restoration.” Trends in Ecology & Evolution 24 (11): 599-

605. https://doi.org/10.1016/j.tree.2009.05.012.

Hoffmann, Ralph. 1927. Birds of the Pacific States. Boston: Houghton Mifflin.

Huffaker, C. 1958. “Experimental Studies on Predation: Dispersion Factors and Predator-Prey

Oscillations.” Hilgardia 27 (14): 343-83.

Johnson, David H., and O’Neil. 2001. Wildlife-Habitat Relationships in Oregon and Washington.

Corvallis, Or.: Oregon State University Press.

Jones, Jason. 2001. “Habitat Selection Studies in Avian Ecology: A Critical Review.” The Auk 118 (2):

557-62.

Jones, S. L., and J. E. Cornely. 2002. The Birds of North America. 624. U.S. Department of

Agriculture, Forest Service, Pacific Southwest Research Station.

Kershner, Eric L., and Eric K. Bollinger. 1996. “Reproductive Success of Grassland Birds at East-
Central Illinois Airports.” The American Midland Naturalist 136 (2): 358-66.

https://doi.org/10.2307/2426740.

Komonen, Atte, Reijo Penttild, Mariko Lindgren, and Ilkka Hanski. 2000. “Forest Fragmentation
Truncates a Food Chain Based on an Old-Growth Forest Bracket Fungus.” Oikos 90 (1): 119—

26. https://doi.org/10.1034/j.1600-0706.2000.900112.x.

Kronland, Bill, and Adam Martin. 2015. “Prairie Habitat Management Joint Base Lewis-McCord 2014

Annual Report.” Center for Natural Lands Management.

Kurth, James W. 2018. “Endangered and Threatened Wildlife and Plants; 90-Day Findings for
63



Three Species.” Federal Register 83 (124): 30091-94.

https://doi.org/10.14219/jada.archive.1961.0023.

Law, B S, and C R Dickman. 1998. “The Use of Habitat Mosaics by Terrestrial Vertebrate Fauna:

Implications for Conservation and Management.” Biodiversity and Conservation 7: 323-33.

Lefkovitch, L. P., and Lenore Fahrig. 1985. “Spatial Characteristics of Habitat Patches and Population

Survival.” Ecological Modelling 30 (3): 297-308. https://doi.org/10.1016/0304-3800(85)90072-9.

Lockhart, Jessica, and Nicola Koper. 2018. “Northern Prairie Songbirds Are More Strongly Influenced
by Grassland Configuration than Grassland Amount.” Landscape Ecology 33 (9): 1543-58.

https://doi.org/10.1007/s10980-018-0681-5.

Maan. 16:11:53 UTC. “JBLM Fish & Wildlife Program.” Environment.

https://www.slideshare.net/Nisqually/jblm-fish-wildlife-program.

Mac Nally, Ralph, Andrew F. Bennett, and Gregory Horrocks. 2000. “Forecasting the Impacts of
Habitat Fragmentation. Evaluation of Species-Specific Predictions of the Impact of Habitat
Fragmentation on Birds in the Box—Ironbark Forests of Central Victoria, Australia.” Biological
Conservation 95 (1): 7-29. https://doi.org/10.1016/S0006-3207(00)00017-3.

Marshall, David B., Matthew G. Hunter, and Alan Conreras. 2003. Birds of Oregon: A General

Reference. McLaughlin, Melissa E., William M. Janousek, John P. McCarty, and L. LaReesa

Wolfenbarger. 2014.“Effects of Urbanization on Site Occupancy and Density of Grassland Birds in

Tallgrass Prairie Fragments.” Journal of Field Ornithology 85 (3): 258-73.

2

Merriam, G. 1991. “Corridors and Connectivity: Animal Populations in Heterogeneous Environments.

Biological Conservation 60 (1): 133-42. https://doi.org/10.1016/0006-3207(92)90810-A.

Mitchell, Matthew G. E., Elena M. Bennett, and Andrew Gonzalez. 2014. “Forest Fragments
Modulate the Provision of Multiple Ecosystem Services.” Journal of Applied Ecology 51 (4):

909-18. https://doi.org/10.1111/1365-2664.12241.

64


http://www.slideshare.net/Nisqually/jblm-fish-wildlife-program

Newton, lan. 1998. Population Limitation in Birds. San Diego: Academic Press.

Niemela, Jari. 2001. “Carabid Beetles (Coleoptera: Carabidae) and Habitat Fragmentation: A Review.”

European Journal of Entomology 98 (2): 127-32. https://doi.org/10.14411/eje.2001.023.

Paton, Peter W. C. 1994. “The Effect of Edge on Avian Nest Success: How Strong Is the
Evidence?”

Conservation Biology 8 (1): 17—26. https://doi.org/10.1046/j.1523-1739.1994.08010017 .x.

Peterjohn, Bruce G., and John R. Sauer. 1999. “Population Status of North American Grassland Birds

from The North American Breeding Bird Survey, 1966-1996.” Studies in Avian Biology 19: 27-44.

Pither, Jason, and Philip D. Taylor. 1998. “An Experimental Assessment of Landscape Connectivity.”
Oikos 83 (1): 166. https://doi.org/10.2307/3546558.
Pyle, Peter. 1997. Identification Guide to North American Birds: Part 1. Bolinas, CA: Slate Creek
Press. R Core Team. 2020. R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/.

Reed, J. Michael. 1986. “Vegetation Structure and Vesper Sparrow Territory Location.” The

Wilson Bulletin 98 (1): 144-47.

Robbins, Mark B. 1992. Birds of Missouri: Their Distribution and Abundance. Columbia: University

of Missouri Press.

Rodenhouse, Nicholas L., and Louis B. Best. 1994. “Foraging Patterns of Vesper Sparrows
(Pooecetes Gramineus) Breeding in Cropland.” The American Midland Naturalist 131 (1):

196-206. https://doi.org/10.2307/2426623.

Rogers, Brendan M., Ronald P. Neilson, Ray Drapek, James M. Lenihan, John R. Wells, Dominique
Bachelet, and Beverly E. Law. 2011. “Impacts of Climate Change on Fire Regimes and Carbon
Stocks of the U.S. Pacific Northwest.” Journal of Geophysical Research: Biogeosciences 116

(G3). https://doi.org/10.1029/2011JG001695.

65


http://www.r-project.org/

Rogers, Russell E. 2000. “The Status of Microhabitat of Streaked Horned Lark, Western Bluebird,
Oregon Vesper Sparrow and Western Meadowlark in Western Washington.” Evergreen State

College.

Rosenzweig, Michael L. 1981. “A Theory of Habitat Selection.” Ecology 62 (2): 327—

35. https://doi.org/10.2307/1936707.

Samson, Fred B., and Fritz L. Knopf, eds. 1996. Prairie Conservation: Preserving North America’s Most

Endangered Ecosystem. Washington, D.C: Island Press.

Shelvey, Bruce, and Robert Boyd. 2000. “Indians, Fire, and the Land in the Pacific Northwest.”

The Western Historical Quarterly 31 (2): 225. https://doi.org/10.2307/970071.

Sibley, David. 2001. “National Audubon Society: The Sibley Guide to Birds.” The Wilson
Journal of Ornithology 113 (2). https://doi.org/10.1676/0043-

5643(2001)113[0255:0L]2.0.CO;2.

Simpson, George Gaylord. 1951. “The Species Concept.” Evolution 5 (4): 285—

98. https://doi.org/10.2307/2405675.

Skagen, Susan K., Amy A. Yackel Adams, and Rod D. Adams. 2005. “Nest Survival Relative to Patch Size in

a Highly Fragmented Shortgrass Prairie Landscape.” The Wilson Bulletin 117 (1): 23-34.

Small, M. F., and M. L. Hunter. 1988. “Forest Fragmentation and Avian Nest Predation in
Forested Landscapes.” Oecologia 76 (1): 62—64. https://doi.org/10.1007/BF00379601.
Snow, D. W. 1954. “The Habitats of Eurasian Tits (Parus Spp.).” 1bis 96 (4): 565—

85. https://doi.org/10.1111/j.1474-919X.1954.tb05478..x.

Storm, Linda, and Daniela Shebitz. 2006. “Evaluating the Purpose, Extent, and Ecological

Restoration Applications of Indigenous Burning Practices in Southwestern Washington.”

Ecological Restoration 24 (4): 256-68. https://doi.org/10.3368/er.24.4.256.

Taylor, R. J., and T. R. Boss. 1975. “Biosystematics of Quercus Garryana in Relation to Its Distribution

66



in the State of Washington.” Northwest Science 49 (2): 49-57.

Trosper, Ronald L. 2007. “Indigenous Influence on Forest Management on the Menominee Indian
Reservation.” Forest Ecology and Management, Traditional knowledge, cultural heritage and

sustainable forest management, 249 (1): 134-39. https://doi.org/10.1016/j.foreco.2007.04.037.

Union, American Ornithologists’, and Raptor Research Foundation. 1998. Avian Conservation:

Research and Management. Island Press.

Urban, Dean, and Timothy Keitt. 2001. “Landscape Connectivity: A Graph-Theoretic Perspective.”

Ecology 82 (5): 1205-18. https:/doi.org/10.1890/0012-9658(2001)082[1205: LCAGTP]2.0.CO;2.

U.S. Fish and Wildlife Service. 2013. “Endangered and Threatened Wildlife and Plants; Designation
of Critical Habitat for Taylor’s Checkerspot Butterfly and Streaked Horned Lark.”
Department of The Interior. https://www.federalregister.gov/documents/2013/10/03/2013-
23552/endangered-and-threatened-wildlife-and-plants-designation-of-critical-habitat-for-

taylors.

Verboom, Jana, Alex Schotman, Paul Opdam, and Johan A J Metz. 1991. “European Nuthatch

Metapopulations in a Fragmented Agricultural Landscape.” Oikos, 149-56.

Webb, Stephen L., Chad V. Olson, Matthew R. Dzialak, Seth M. Harju, Jeffrey B. Winstead, and Dusty
Lockman. 2012. “Landscape Features and Weather Influence Nest Survival of a Ground-
Nesting Bird of Conservation Concern, the Greater Sage-Grouse, in Human-Altered

Environments.” Ecological Processes 1 (1): 4. https://doi.org/10.1186/2192-1709-1-4.

White, Richard. 1975. “Indian Land Use and Environmental Change: Island County, Washington: A

Case Study.” Arizona and the West 17 (4): 327-38.
Willett, George. n.d. “A Revised List of the Birds of Southwestern California,” 204.

Winter, Maiken, Douglas H. Johnson, Jill A. Shaffer, Therese M. Donovan, and W. Daniel Svedarsky.

2006. “Patch Size and Landscape Effects on Density and Nesting Success of Grassland Birds.”

67


http://www.federalregister.gov/documents/2013/10/03/2013-

The Journal of Wildlife Management 70 (1): 158-72.

Yahner, Richard H., and Carolyn G. Mahan. 1997. “Effects of Logging Roads on Depredation of

Artificial Ground Nests in a Forested Landscape.” Wildlife Society Bulletin (1973-2006) 25 (1):

158-62.

Zeileis, A., and T Hothorn. 2002. “Diagnostic Checking in Regression Relationships.” R News 2 (3): 7-10.

68



Appendix A

Appendix

Al Weir nests from 2018. Occupied nests have a binary value of 1, random nest points (unoccupied) have a binary

value of 0. Three species were measured within 64 meters of nests from this dataset, Pseudotsuga menziesii,

Quercus garryana, and Arbutus menziesii.

NestiD Occupancy Species Total Pseudotsuga Quercus Arbutus
TA21 18-01 1 30 19 3 8
TA21 18-02 1 0 0 0 0
TA21 18-03 1 0 0 0 0
TA21 18-04 1 0 0 0 0
TA21 18-05 1 0 0 0 0
TA21 18-06 1 1 1 0 0
TA21 18-07 1 26 4 22 0
TA21 18-08 1 0 0 0 0

Random Nest Points
WeRan_18-01 0 22 3 19 0
WeRan_18-02 0 77 3 68 1
WeRan_18-03 0 7 0 6 0
WeRan_18-04 0 30 28 0 0
WeRan_18-05 0 2 1 0 1
WeRan_18-06 0 0 0 0 0
WeRan_18-07 0 10 4 0 6
WeRan_18-08 0 0 0 0 0
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A2 Weir nests from 2019. Occupied nests have a binary value of 1, random nest points (unoccupied) have a binary
value of 0. Two species were measured within 64 meters of nests from this dataset, Pseudotsuga menziesii, Quercus
garryana, and Arbutus menziesi

NestID Occupancy Species Total Pseudotsuga Quercus Arbutus
TA21 _19-01 1 4 3 1 0
TA21_19-02 1 0 0 0 0
TA21_19-03 1 0 0 0 0
TA21_19-04 1 1 1 0 0
TA21_19-05 1 1 1 0 0
TA21_19-06 1 4 3 1 0
TA21_19-07 1 0 0 0 0
TA21_19-08 1 0 0 0 0

Random Nest Points
WeRan_19-01 0 0 0 0 0
WeRan_19-02 0 0 0 0 0
WeRan_19-03 0 0 0 0 0
WeRan_19-04 0 0 0 0 0
WeRan_19-05 0 0 0 0 0
WeRan_19-06 0 8 8 0 0
WeRan_19-07 0 0 0 0 0
WeRan_19-08 0 1 1 0 0
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A3 Weir 2018 nest distance from road, measured in meters. Occupied nests within or equal to 64 meters from a road
have a binary value of 1, occupied nests and random (unoccupied nests) at a distance greater than 64 meters from a
road have a binary value of 0.

Nest ID Occupancy < 64m Meters from Road
TA21_18-01 1 8.78
TA21_18-06 1 45.66
TA21_18-07 1 12.40
TA21_18-08 1 22.11
TA21 18-03 0 231.02
TA21_18-05 0 245.98
TA21_18-04 0 117.43
TA21 _18-02 0 91.55

Random Nest Points

Wcont_18-01 0 9.40

Wcont_18-02 0 18.20
Wcont_18-03 0 41.75
Wcont_18-04 0 66.45
Wcont_18-05 0 51.84
Wcont_18-06 0 75.07
Wcont_18-07 0 50.83
Wcont_18-08 0 150.08
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A4 Weir 2019 nest distance from road, measured in meters. Occupied nests within or equal to 64 meters from a road
have a binary value of 1, occupied nests and random (unoccupied nests) at a distance greater than 64 meters from a
road have a binary value of 0.

Nest ID Occupancy < 64m Meters from Road
TA21 19-01 1 62.60
TA21_19-05 1 55.32
TA21_19-06 1 58.98
TA21_19-07 1 8.70
TA21_19-08 1 39.05
TA21_19-04 0 120.25
TA21_19-02 0 222.04
TA21 19-03 0 65.79

Random Nest Points
Wcont_19-01 0 162.47
Wcont_19-02 0 45.71
Wcont_19-03 0 137.38
Wcont_19-04 0 45.70
Wcont_19-05 0 173.44
Wcont_19-06 0 29.53
Wcont_19-07 0 56.69
Wcont_19-08 0 98.74
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A5. Artillery Impact Range (AlA) nests from 2018. Occupied nests have a binary value of 1, random nest points
(unoccupied) have a binary value of 0. Only one species of tree was measured within 64 meters of nests from this
dataset, Pseudotsuga menziesii.

Nest ID Occupancy Tree Sum Pseudotsuga
R76_18-01 1 0 0
R76_18-02 1 0 0
R76_18-03 1 0 0
R76_18-04 1 0 0
R76_18-05 1 1 1
R76_18-06 1 0 0
R76_18-07 1 0 0
R76_18-08 1 0 0
R76_18-09 1 0 0
R76_18-10 1 0 0
R76_18-11 1 0 0

Random Nest Point
AlACon_18-01 0 0 0
AlACon_18-02 0 0 0
AlACon_18-03 0 0 0
AlACon_18-04 0 0 0
AlACon_18-05 0 0 0
AlACon_18-06 0 3 3
AlACon_18-07 0 1 1
AlACon_18-08 0 0 0
AlACon_18-09 0 0 0
AlACon_18-10 0 0 0
AlACon_18-11 0 0 0
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A6 AIA 2018 nest distance from road, measured in meters. Occupied nests within or equal to 64 meters from a road
have a binary value of 1, occupied nests and random (unoccupied nests) at a distance greater than 64 meters from a
road have a binary value of 0.

Nest 1D Occupancy < 64 m Meters from Road
R76_18-01 1 3.20
R76_18-02 1 48.55
R76_18-03 1 12.50
R76_18-04 1 25.70
R76_18-06 1 14.03
R76_18-07 1 11.04
R76_18-08 1 56.94
R76_18-10 1 11.86
R76_18-05 0 78.86
R76_18-11 0 104.98
R76_18-09 0 77.60

Random Nest Points

AlACon_18-03 0 8.90

AlACon_18-09 0 58.05
AlACon_18-11 0 59.13
AlACon_18-08 0 172.85
AlACon_18-06 0 223.63
AlACon_18-05 0 146.30
AlACon_18-07 0 86.12
AlACon_18-02 0 82.98
AlACon_18-04 0 187.85
AlACon_18-01 0 211.62
AlACon_18-10 0 70.70
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