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CHAPTER III

HOME RANGE ESTABLISHMENT AND MICROHABITAT SELECTION

OF BACHMAN’S SPARROWS IN MANAGED PINE FORESTS

Introduction

The North American Coastal Plain region within the southeastern United States is a
physiographic region rich with species diversity, which can be historically attributed to frequent
disturbance intervals that shaped and maintained the landscape over centuries (Peet & Allard,
1993; Frost, 1993). As such, many species of flora and fauna have adapted to natural disturbance
regimes (e.g., fire and windthrow), which, in southeastern pine systems, created stands composed
of mature pine (Pinus spp.), with open midstories, and an abundance of native herbaceous
groundcover (Engstrom, 1993). However, landscape change following European settlement
combined with large scale fire suppression, have caused southern open pine forests to be among
the most imperiled systems in the United States (Croker, 1979; Frost, 1993; Noss et al., 1995;
Allen et al., 2006). Consequently, populations of avian species that have adapted to open pine
forests have exhibited steep declines over the last 50+ years (Sauer et al., 2017), as life history
strategies associated with disturbance have been disrupted (Schlossberg et al., 2010).

Among the species closely associated with southern open pine forests, the Bachman’s
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Sparrow (Peucaea aestivalis) is particularly dependent upon disturbance-generated groundcover
created by frequent fire return intervals (Seaman & Krementz, 2001; Provencher et al., 2002;
Jones et al., 2014). Bachman’s Sparrows forage and nest exclusively on the forest floor, and
therefore require dense herbaceous groundcover comprised of grasses and forbs (Haggerty,
1998). Given such reliance on groundcover, Bachman’s Sparrows typically do not occupy pine
forests where fire has been excluded >3 years (Haggerty, 1998; Jones et al., 2014). During the
breeding season, male Bachman’s Sparrows spend an extended amount of time singing from
trees and shrubs to attract mates and defend territories (Meanley, 1959; Dunning & Watts, 1990).
Fire regimes are essential in maintaining low-density forests, as prescribed fire temporarily
removes dense hardwood shrubs, and promotes the regeneration of native herbaceous
groundcover suitable for nesting, food resource enhancement, and concealment from predators
(Jones et al., 2014). Frequent disturbance intervals also provide male sparrows with additional
singing perches (e.g., dead branches, brush piles, stumps), which are vital in mate acquisition and
territory defense (Haggerty, 2000; Tucker at el., 2004).

Disturbance within open pine forests is essential to the conservation of several other
priority bird species, such as the federally endangered Red-cockaded Woodpecker (Dryobates
borealis). Red-cocked Woodpeckers prefer low-density, older age-class pine stands with an open
midstory, and, thus, are often the target of open pine forest management (Hovis & Labisky,
1985; Conner & O’Halloran, 1987; Liu et al., 1995; Plentovich et al., 1998). Management
strategies (e.g., thinning, herbicide, prescribed fire) for Red-cockaded Woodpeckers can produce
vegetation characteristics that co-benefit other disturbance-dependent species, such as
Bachman’s Sparrows (Dunning & Watts, 1990; Krusac et al., 1995, Liu et al., 1995). However,
this varies to some degree, depending upon the type and timing of management implemented.
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For example, though not preferred, Red-cockaded Woodpeckers can persist in areas with a
denser hardwood midstory until it reaches cavity height (Plentovich et al., 1998). In the absence
of prescribed fire, large-scale midstory removal does prevent hardwood midstory encroachment
on Red-cockaded Woodpecker cavities, but it does not reestablish herbaceous groundcover
associated with Bachman’s Sparrows (Platt et al., 1998).

Though fire is a well-documented critical driving factor of Bachman’s Sparrow habitat
selection across their range, early successional ground story characteristics created by fire
disturbance are ephemeral in nature (Engstrom et al., 1984; Dunning & Watts, 1990; Haggerty,
1998). Studies show sparrows will abandon a habitat patch in as little as three years post-fire,
after succession causes habitat quality to decline (Engstrom et al., 1984; Dunning, 1993; Tucker
et al., 2004; Jones, 2008). Alternatively, it has also been shown that Bachman’s Sparrows will
abandon habitat patches when prescribed fire temporarily removes ground-cover vegetation
(Seaman & Krementz, 2001, Jones & Cox, 2007). This narrow timeframe of habitat suitability
raises questions about the perceived visual cues created by vegetation structural characteristics
and how these characteristics influence multi-scale habitat selection (e.g., second- and third-
order habitat selection; Johnson, 1980). Little is known about the range of characteristics that
trigger individuals to move into an area and establish a home range (i.e., second-order habitat
selection; Johnson, 1980) once it is disturbed, or alternatively emigrate from the area when it is
no longer suitable. Once an individual has established a home range within a recently disturbed
area, it is known that Bachman’s Sparrows prefer open pine forests with <50% overstory canopy
cover, limited midstory cover (<40%), and dense ground cover (>60%) dominated by native
grass (Dunning & Watts, 1990; Seaman & Krementz, 2001; Cox & Jones, 2007). However,
questions remain regarding the influence of vegetation structure (i.e., available perching options,
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vegetation density, leaf litter, bare ground) on microhabitat selection (i.e., third-order habitat
selection; Johnson, 1980), in managed pine forests; though the potential geographic range for
this species (i.e., first-order selection; Johnson, 1980) has been well established (Brooks, 1938;
Haggerty, 2000; Taillie et al., 2015).

Given that Bachman’s Sparrows disproportionately select for post-disturbed vegetation,
there was a unique opportunity to address multi-scale (i.e., second- and third-order) habitat
selection questions following staggered implementation of management practices within my
study sites. As such, the objective of my study was to identify habitat characteristics associated
with home range establishment (i.e., second-order habitat selection; Johnson, 1980) and
microhabitat selection (i.e., third-order habitat selection; Johnson, 1980) of marked and resighted
Bachman’s Sparrows. I hypothesized that home range establishment of Bachman’s Sparrows
would be determined by time since disturbance, percent and type of tree canopy cover, slope, and
distance to roadways. I predicted that home range establishment would be likely in recently
disturbed upland areas (<3 years), with an open pine canopy. I also predicted that home ranges
would be closer to roadsides which further open the pine canopy. Moreover, I hypothesized that
microhabitat selection of Bachman’s Sparrows would be determined by the percent of nesting
cover (i.e., grass, herbaceous groundcover), foraging opportunities (influenced by leaf litter), and
by the amount of available perching options throughout an individual’s home range. Based on
this hypothesis, Bachman’s Sparrows would select areas with a higher percentage of herbaceous
ground cover for predator avoidance and increased foraging and nesting opportunities.
Additionally, within their home range, Bachman’s Sparrows would select areas with a greater
number of available perching options (i.e., dead branches, fallen trees, brush piles) to attract

mates and for territory defense. A better understanding of habitat characteristics that cue
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Bachman’s Sparrows to establish a home range, in addition to resource use within a home range,
is critical in guiding conservation and management efforts for this declining open pine forest bird

species.

Study Area

The Eastern Gulf Coastal Plain (EGCP) region is comprised of over 62 million acres that
encompasses portions of five states (Georgia, Florida, Alabama, Mississippi, and Louisiana).
Broadly, within the EGCP, uplands are fire-maintained systems dominated by mature longleaf
and slash pine (Pinus palustris, Pinus elliottii, respectively) in the south, and mixed loblolly pine
(Pinus taeda) forests in the north. Mixed forests typically, contain hardwoods in damper areas
and bottomland hardwood forests in extensive lowland drainages (Noss et al., 1995; U.S. Fish &
Wildlife Service, 2015). Within the EGCP, biological diversity has been altered from historic
conditions and has resulted in the degradation of species composition that once supported diverse
communities (Croker, 1987; Van Lear et al., 2005). Forest structure and quality within these
systems are influenced by site conditions, disturbance (e.g., fire), as well as past land
management practices (Outcalt & Sheffield, 1996).

Within the EGCP region, the Sam D. Hamilton Noxubee National Wildlife Refuge
(NNWR) is located in three counties (Winston, Oktibbeha, Noxubee) of eastern Mississippi
(Figure 3.1). NNWR is managed to provide habitat for trust resource species, including extant
populations of Red-cocked Woodpeckers in areas managed for open pine conditions, and
bottomland systems that support waterfowl and other at-risk waterbird species (U.S. Fish &
Wildlife Service, 2015). In 2015, NNWR revised their Habitat Management Plan (HMP) which

partitioned the refuge into 18 management units (see Chapter II for details on management
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areas), with boundaries reflecting historic forest types (upland hardwood, mixed pine,
bottomland hardwoods, cypress swamp). Within the 18 management areas, five management
sub-units (Figure 3.1) were created and identified as having potential to provide expanded habitat
for Red-cockaded Woodpeckers and other declining forest bird species. Since 2016, staggered
occurrence of management practices (primarily forest thinning followed by rotational fire and
herbicide) have been implemented within these sub-units creating a dynamic mosaic of
vegetation structure and composition across the refuge. This management regime not only
provided habitat conditions for Bachman’s Sparrows within parts of management sub-units, but
also an opportunity to assess habitat selection of individuals as vegetation structure and

composition changes over time.

Methods

Capture, Banding, Resighting

I captured Bachman’s Sparrows within 1 km of management sub-units during the
breeding season (April-June) of 2020 and 2021 (Figures 3.2-3.3). Capture locations were chosen
based on results of gridded breeding season point count surveys (2016-2019) within pine
management sub-units at NNWR, which identified known locations of Bachman’s Sparrows
each year. The capture of Bachman’s Sparrows began 1 April at the beginning of their breeding
season and concluded on 1 June when males become less responsive to audio playback (Jones &

Cox, 2007). I captured birds using a mist net (9 m long with a 38 mm mesh, Avinet®, NY, USA)
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and audio playback of male conspecifics to attract and target capture individuals (per Jones &
Cox, 2007). Once captured, each sparrow was fitted with one federal USGS aluminum band and
three colored darvic leg bands (Avinet®, NY, USA). Sex was confirmed by the presence of a
brood patch or cloacal protuberance, behavioral observations, and wing and tail measurements
(Pyle, 1997). All capture and handling of Bachman’s Sparrows was conducted per approved
IACUC protocols (protocol 17-249) under appropriate banding permits (Federal Banding Permit
number 23835).

I resighted marked individuals once weekly starting from date of capture through August
(i.e., the end of the breeding season) of each year. The starting point for each resight survey
began at the location where each marked individual was captured, from that location I slowly
walked 150 m in each cardinal direction (with the first cardinal direction being chosen
randomly), to determine the location of the individual. The average home range size for
Bachman’s Sparrow has a 150 m radius, thus the minimum distance walked in each direction
(Cox & Jones, 2009). I recorded color bands and behavioral observations non-invasively using
binoculars or a spotting scope and recorded the exact location of marked individuals in Avenza
Maps® using a compass and a range finder to minimize the impact of observer disturbance to the
individual. If the individual was not located during the initial resight survey, additional surveys
were walked daily for the remainder of that survey week. When an individual moved a
significant distance from the capture location, a new starting location was determined based on
previous resight locations. In accordance with Cox & Jones (2010), observers conducted
additional audio playback surveys once per month in suitable habitat up to 1 km outside of the
management sub-unit to locate any dispersed individuals. To understand how home range areas
differed between years, resight efforts for individuals captured in the 2020 field season started 15
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March of 2021 and continued through 15 June 2021. Weekly audio playback surveys were
conducted (as described above) in suitable habitat up to 2 km outside of individual home ranges
from the previous year. To ensure all areas with suitable habitat were surveyed, observers walked

100 m transects in all recently burned areas <3 years across NNWR.

Using Landcover Data to Identify Home Range Establishment

To assess home range establishment (second-order habitat selection) across NNWR, |
obtained 2019 30-meter resolution land-use/landcover information for NNWR using Multi-
Resolution Land Characteristics Consortium’s National Landcover Database (NLCD; Dewitz,
2019). I first reclassified NLCD data into a binary evergreen forest class layer and then ran a 5x5
moving window analysis to produce a percent estimate of evergreen cover within each pixel
across the refuge. Choice of moving window size was determined by visually assessing the
landcover layer in various window filters ranging from fine to coarse filters (3x3, 5x5, 9x9). To
assess the influence of canopy cover, I used the 2019 NLCD percent tree canopy cover layer,
containing all forest canopy types across NNWR (Dewitz, 2019). Using 2012 0.6-meter
(reclassified to 30-meter) DEM tiles from Mississippi Automated Resource Information System
(MARIS; USDA-FSA-APFOQO, 2020), I calculated the slope across NNWR to determine any
potential influence of landform on sparrow home range selection. I calculated distance between
each resight location (or randomly selected available location) and nearest roadway using Near
analysis in ArcMap (ESRI, 2019) to determine the potential influence of human-made
infrastructure. I also obtained a binary 30-meter resolution fire disturbance raster layer (2016-

2019), from the United States Department of Agriculture Southeast FireMap to account for
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timing of fire disturbance across NNWR (United States Geological Survey, 2019; Teske et al.,
2021). Lastly, I used R package sp (Pebesma & Bivand, 2005) to mask out open water features
(areas not useable by Bachman’s Sparrows) and created a 1:10 ratio of randomly selected used to

available locations across NNWR which ensured adequate sampling of availability (per Northrup

etal., 2013).

Home Range Creation and Available Locations for Microhabitat Selection

One of the primary methods to evaluate microhabitat selection (third-order habitat
selection) is to compare resources in used locations (i.e., areas in which an individual has been
located within its home range), to available locations (i.e., randomly selected areas within a
home range that are accessible to individuals and may or may not be used; Boyce & McDonald,
1999; Manly et al., 2002; Boyce, 2006). Using used locations of each sparrow, I approximated
home ranges for each individual using the Continuous-Time Movement Modeling (ctmm)
package in program R version 4.1.1 (R Core Team, 2021), based on methods from Calabrese et
al., (2016). I first used an empirical semi-variogram to visually assess autocorrelation and
appropriateness of different Continuous-time Stochastic Process (CTSP) models, given data for
each individual. CTSP models (independent identically distributed, Ornstein—Uhlenbeck,
integrated OU, Ornstein—Uhlenbeck Foraging) were then fit to relocation data for each individual
via maximum likelihood to approximate both a kernel density estimated home range (KDE) and
an autocorrelated kernel density estimated home range (AKDE). Kernel models were compared
using Akaike Information Criterion (AICc; Akaike, 1973) based model selection, and I
considered models as competing if the difference between the top AICc values was <2 (Burnham
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& Anderson, 2002). Typically, the model with the lowest AICc value was chosen but all
competing models (corresponding kernels) were visually assessed to determine the best kernel
model for each individual. Once I selected the best model, I used the corresponding KDE or
AKDE to approximate a home range for each individual, defined as the 90% isopleth (Borger et
al., 2006; Calabrese et al., 2016). I used R package sp (Pebesma & Bivand, 2005) to create a 1:1
ratio of used to available (randomly selected) locations within each individual’s home range

which ensured adequate sampling of availability (per Northrup et al., 2013).

Microhabitat Vegetation Assessment

For both used and available locations within home ranges, I quantified vegetation
structure to examine microhabitat selection (third-order habitat selection; Johnson, 1980).
Vegetation sampling at each location was conducted in September of each year, following the
conclusion of resighting season to minimize the potential impact of human presence on bird
behavior (Fernandez-Juricic, 2000). For consistency, I identically measured vegetation structural
characteristics (canopy, midstory/shrub, and ground layer metrics) as described in Chapter II, in
addition to vegetation structural characteristics known to be important to Bachman’s Sparrows
(Table 3.1; Taillie et al., 2015; Winiarski et al., 2017). However, to assess resource use more
accurately, I measured ground layer metrics (shrubs <3’, total herbaceous groundcover, grasses,
leaf litter, and bare ground) at each point using a 1-m? Daubenmire frame (Daubenmire, 1959) in
5% increments using ocular estimates. Given the territorial nature of Bachman’s Sparrows, |
counted available perches (tall woody shrubs, dead branches, snags, logs <16’) within a 3.6-

meter radius of the used location to assess the relative selection of perching options within home
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ranges. | also measured horizontal cover (visual obstruction) using a Robel pole (Robel, 1970) to

determine influences of height and density of vegetation on microhabitat selection.

Statistical Analyses

The most comprehensive way to assess the differences in resources at used and available
locations is through the utilization of a resource selection function (RSF; Boyce & McDonald,
1999). If resource-use patterns are a direct result of selection on fitness, there could be important
applications for conservation and management through the identification of preferential habitat
components in a system (Boyce & McDonald, 1999). The identification of such habitat
components is particularly important for species of concern like the Bachman’s Sparrows, which
are thought to be tied to very specific microhabitat requirements. To identify habitat
characteristics, which are disproportionately associated with home range and microhabitat
selection, I used RFSs to examine selection at two different scales. I first evaluated selection at
the home range scale using a Bayesian binomial generalized linear mixed-effect model using the
logit function (Boyce & McDonald, 1999; Lele, 2009). I included used vs. available locations
(i.e., 1 vs. 0) as the response variable, land-use/landcover variables as scaled predictor variables,
and individual marked bird as a random effect. The model included a combination of predictor
variables hypothesized to be important to sparrow home range establishment (Table 3.2). 1
analyzed microhabitat selection using a Bayesian binomial generalized linear mixed-effect model
using the logit function, with used vs. available locations (i.e., 1 vs. 0) as the response variable,
vegetation structural characteristics as scaled predictor variables, and individual marked bird as

the random effect (Table 3.3). A quadratic effect of vertical density was included because some
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from the 2020 field season could have simply not survived and open territories were taken over
by new individuals. Future research using Global Positioning System transmitter technology

providing continuous locations is needed to evaluate this phenomenon.

Home Range Establishment

Most studies assessing Bachman’s Sparrow focus primarily on home range size, as it
fluctuates with successional stage and time since disturbance (Haggerty, 1998; Stober &
Krementz, 2006; Cox & Jones, 2007; Winiarski et al., 2017). Such research is crucial as this
species is intricately tied to disturbance; however, there is limited knowledge on home range
establishment when frequent, low-severity prescribed fire gives rise to suitable habitat conditions
across a landscape. My research addresses this knowledge gap by identifying landcover/landform
attributes that may influence home range establishment. Bachman’s Sparrows are most often
found in recently disturbed (<3 years) areas of mature (>80-year-old) pine stands [Longleaf,
Loblolly, Shortleaf (Pinus echinata), Slash, and mixed oak-pine)] with lower tree densities/basal
area (<81 trees per acre, 15 to 60 ft> BA), and an open overstory canopy (<50%); Dunning &
Watts, 1990; Dunning et al., 1995; Haggerty, 2000; Ridgely et al., 2003). However, they can also
occur in intermediate-aged, young pine woodlands, and recent clear-cuts with planted pine
species where little bluestem (Schizachyrium scoparium) or other native grasses dominate the
ground cover (<5 years old; Dunning & Watts, 1990; Dunning et al., 1995; Cox & Jones, 2009).
My results align with existing research demonstrating the negative association with overall tree
canopy cover, and positive associations with recent disturbance events, and evergreen canopy

cover. Given their close association with disturbance in upland open pine communities and
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considering that Bachman’s Sparrows forage and nest exclusively on the forest floor (Haggerty,
1998), may explain the negative association with slope. Previous research suggests that slope
may directly affect habitat selection of birds due to energetic costs associated with steep slopes,
which may also affect individual movements and spatial distributions (Rolando, 2002), although
unlikely in open pine flatwood systems.

Initial capture locations were chosen based on results of breeding season point count
surveys (2016-2019) at NNWR, which identified known locations of Bachman’s Sparrows each
year. Survey locations were a minimum of 250-meters apart, which produced a spatially
balanced, random sample of survey points throughout each management sub-unit. The
probabilistic nature of the initial surveys that identified Bachman’s Sparrows within a
management sub-unit, in addition to subsequent target-netting, ensured a comprehensive search
for Bachman’s Sparrows within management sub-units. With extensive capture efforts, resight
locations (Figures 3.2-3.3), of most individuals appeared to be near roadsides, raising suspicions
about the potential influence of roadways on home range establishment. Model results indicate a
negative association with distance to roadways corroborating field observations, alluding to the
idea that management practices may have been more intense near roadsides, giving raise to
preferable habitat conditions despite potential anthropogenic disturbance from roadways.
Identifying such differences in management efforts may prove helpful in creating a more
uniform disturbance regime. Alternatively, other roadside edge effects may be driving sparrow

settlement decisions and is a phenomenon that should be explored further.
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Microhabitat Selection

Reductions in pine basal area and hardwood midstory are generally emphasized as critical
to management strategies to improve Bachman’s Sparrow habitat (Dunning & Watts, 1990;
Jones 2008). However, my results suggest individual sparrows at NNWR may be using
subsidiary resources within home ranges that play a significant role in microhabitat selection.
Given individuals were occupying home ranges in areas previously reduced in pine basal area
and hardwood midstory as prescribed by the HMP (U.S. Fish and Wildlife Service, 2015), I was
able to assess microhabitat selection at a finer scale within each sparrow’s home range. As
previously identified, Bachman’s Sparrows were selecting locations within their home range
based on pine basal area, number of available perching options, density of vegetation, and
percentage of leaf litter (Brooks & Stouffer, 2010; Jones et al., 2013). Despite active
management within these areas, vegetation density remains a major contributor to microhabitat
selection indicating the importance of routine prescribed fire and mechanical treatment in setting
back vegetative succession (Tucker et al., 1998; Cox and Jones, 2009; Burger et al., 1998).
While my results indicate a negative association with vegetation density, patches of dense
vegetation may provide perching options for male sparrows, while creating a favorable
microclimate for nestlings and fledglings (Jones et al., 2013). Considering the dependence of
Bachman’s Sparrow on fire-adapted systems, percentage herbaceous ground cover influenced by
canopy cover continues to play a vital role in habitat selection — likely driven by nesting and
foraging strategies, and predator evasion (Jones et al., 2014). Contrary to previous research
indicating Bachman’s Sparrows select areas with a high percentage of leaf litter cover (>80%;
Haggerty, 1998; 2000), my results suggest individuals preferred areas with an average of 33%
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leaf litter cover. This difference in relationship can most likely be attributed to prescribed fire
application on numerous pine stands within NNWR in 2021, creating overall a reduction in leaf
litter. While I did not assess the effect of leaf litter depth, this vegetation metric may play a more
critical role than leaf litter cover as Haggerty (1998) suggests, an optimal leaf litter depth of <0.5
inches. However limited, there is evidence supporting the need for perch availability in sparrow
habitat (Dunning & Watts 1990; Caine & Marion 1991; Haggerty, 1998), which align with my
results. This demonstrates a strong dependence on perching options, which are found more often
following prescribed fire and herbicide treatments and warrants further investigation into the
importance of perching options in sparrow habitat selection.

Generally, averages of vegetation metrics at used locations fell within ranges of DFC
metrics for Upper Coastal Plain Pine Flatwoods (Table 3.4). However, percentages of
herbaceous groundcover and grass are near lower limits or are below recommended ranges,
whereas pine basal area and percentage of shrubs 3-10 ft are near the upper limits or exceed
recommended ranges. Although many studies suggest Bachman’s Sparrows prefer areas with a
pine basal area of <60 ft*/acre (Haggerty, 1998; Haggerty, 2000), a study conducted by
Winiarski et al., (2017) suggests that sparrows selected nesting sites with a higher basal area;
however, the role of nest site characteristics are not well understood. The low percentages of
herbaceous groundcover and grasses within this study may be attributed to the application of
prescribed fire within NNWR in 2021, creating overall a reduction in ground story
characteristics. While Bachman’s Sparrow is a priority species found within Upper Coastal Plain
Pine Flatwoods, these metrics are not specific to this species. Previous evidence suggests that
Bachman’s Sparrows prefer a larger range of midstory shrubs (<40%; Chambers, 1994;
Haggerty, 1998), potentially for increased territory defense. Similarities in average vegetation
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metrics at both used and available locations within home ranges could be a result of uniform
management within pine units. Therefore, Bachman’s Sparrows could be utilizing all areas
within home ranges, or sparrows are selecting areas based on a metric or environmental cue that

is undetectable by the observer.

Management Implications

Understanding habitat characteristics that are associated with home range establishment
and microhabitat selection of Bachman’s Sparrows are important components of developing and
implementing conservation and management recommendations for this declining open pine
forest bird species. Results from my study indicate that percent and type of tree canopy cover,
slope, and distance to roadways influence home range establishment (i.e., second-order habitat
selection; Johnson, 1980) of sparrows within NNRW. Furthermore, results for microhabitat
selection (i.e., third-order habitat selection; Johnson, 1980) indicate the importance of pine basal
area, available perching options, vegetation density, leaf litter, and an abundance of native
herbaceous ground cover. Mangers should consider thinning relatively flat upland areas of
predominately native pine spp. to ~80 *ft/acre with few interspersed young hardwood trees. With
a relatively open canopy, managers should implement frequent disturbance regimes (every 1-3
years) rotationally among stands to provide suitable amounts of herbaceous groundcover and leaf
litter to promote nesting and foraging opportunities, while reducing hardwood midstory growth.
Once an individual establishes a home range in an area with preferred basal area, territory
defense may be a major driver of settlement decisions. As such, managers should strongly

consider leaving residual fallen trees and brush piles to provide additional perching options
81



following disturbance, yielding increased opportunities for mate acquisition and territorial
defense during the breeding season.

My findings were limited by the inability to track individuals over seasons or account for
microhabitat selection at different dial periods. The use of Very High Frequency (VHF) or
Global Positioning System (GPS) tracking devices would enable researchers to understand why
sparrows with successful territories are being replaced by other birds in subsequent years (Fish et
al., 2020, Choi et al., 2021). Moreover, researchers would be able to assess the differences in
microhabitat selection throughout different times during the diurnal cycle. Future research should
consider implementing VHF or GPS tracking devices to address such caveats. Color banding of
nestlings could also provide insight to the potential philopatry of young, subsequently occupying
home ranges of adults. Furthermore, research should focus on the use of artificial perches in
recently cleared areas and the role of leaf litter and leaf litter depth in microhabitat selection by

Bachman’s Sparrow within individual home ranges.
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Tables

Table 3.1

Description of vegetation structural characteristics measured at each used and

available location within each captured individual’s home range at Sam D.
Hamilton Noxubee National Wildlife Refuge to determine third-order habitat

selection of Bachman’s Sparrows.

Forest Structural Characteristics

Description

Canopy Metrics

Basal area for pine trees < 14”

Number of pine trees with a basal area less
than 14” DBH

Basal area for pine trees > 14”

Number of pine trees with a basal area greater
than 14” DBH

Basal area for hardwood trees

Basal area of all hardwood trees

Overstory

Percent cover of pine and hardwood overstory
(collected separately)

Midstory/Shrub Metrics

Midstory Percent cover of pine and hardwood midstory
(collected separately)

Perches <16’ Number of tall woody shrubs, dead branches,
snags, logs <16’

Shrubs 3-10° Percent cover of shrubs <10’

Ground Layer Metrics

Shrubs <3° Percent cover of woody plants, vines, shrubs

<3’

Total Herbaceous Cover

Percent cover of forbs and grasses

QGrasses

Percent cover of grasses only

Leaf Litter

Percent cover of dead vegetation

Bare Ground

Percent cover of bare ground with no
vegetation
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Table 3.2 Summary of fitted scaled fixed covariates for home range establishment at Sam D.
Hamilton Noxubee National Wildlife Refuge.

Parameter Definition

Tree Canopy Fixed effect; NLCD precent tree canopy
cover (Dewitz, 2019)

Evergreen Fixed effect; NLCD percent evergreen cover
(Dewitz, 2019)

Fire Fixed effect; areas within NNWR burned <6
years (United States Geological Survey,
2019)

Slope Fixed effect; Differences in Elevation
(USDA-FSA-APFO, 2020)

Road Fixed effect; Distance to nearest road

Individual Random effect; 37 Individual Bachman’s
Sparrows

Table 3.3 Summary of fitted fixed- and random-effect covariates for microhabitat selection
within home ranges at Sam D. Hamilton Noxubee National Wildlife Refuge.

Parameter Definition

Number of Perches Fixed effect; Number of tall woody shrubs,
snags, logs <16’

Pine Basal Area Fixed effect; Basal area of all pine trees

Herbaceous Groundcover Fixed effect; Percent cover of forbs and
grasses

Leaf Litter Fixed effect; Percent cover of dead vegetation

Vegetation Density Fixed effect; Vegetation density (visual
obstruction)

Vegetation Density? Fixed quadratic effect; Vegetation density
(visual obstruction)

Individual Random effect; 37 Individual Bachman’s
Sparrows
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Table 3.4

Comparison of average forest structural characteristics at used and available

locations within home ranges at Sam D. Hamilton Noxubee National Wildlife
Refuge to Desired Forest Condition metrics for Upper Coastal Plain Pine
Flatwoods grouping (Nordman et al., 2016).

Forest Structural Average for Average for ‘Excellent’ DFC

Characteristics Used Locations Available Locations Metrics
Pine Basal Area 82 ft*/acre 75 ft*/acre 30-80 ft*/acre
Hardwood Basal 12 ft*/acre 14 ft*/acre <20 ft*/acre
Area
Pine Overstory 44.6% 48.6% 25-70%
Canopy Cover
Hardwood Overstory 4.5% 6.6% NA
Canopy Cover
Pine Midstory 1.4% 2.3% <20%
Hardwood Midstory 8.2% 7.2% <20%
Vegetation Density 40.2% 45.2% NA
Number of Available 9 7 NA
Perching Options
Shrubs 3-10 ft 24.6% 29.3% <15%
Shrubs 0-3 ft 12.3% 17.7% <20%
Herbaceous 35.7% 32.1% 35-80%
Groundcover
Grass 18.0% 17.2% >25%
Leaf Litter 33.0% 34.0% NA
Bare ground 5.3% 5.0% NA

Table 3.5 Summary statistics for scaled fixed covariates for home range establishment at
Sam D. Hamilton Noxubee National Wildlife Refuge.
Parameter Estimate Standard Error P-value
Intercept -4.813 0.207 <0.0071***
B1: Tree Canopy -0.277 0.071 <0.001***
B2: Evergreen 1.572 0.080 <0.001***
B3: Fire 3.966 0.196 <0.001***
B4: Slope -0.838 0.130 <0.001***
Bs: Road -1.224 0.135 <0.001***

ISignificance codes: <0.001 “***°/0.001 “**° 0.01 “*, 0.05 “.”, 0.1 <.
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Table 3.6 Summary statistics for scaled fixed covariates for microhabitat selection within
home ranges at Sam D. Hamilton Noxubee National Wildlife Refuge.

Parameter Estimate Standard Error P-value
Intercept -0.209 0.097 <0.031*
B1: Number of Perches 0.464 0.082 <0.0071***
[2: Pine Basal Area 0.306 0.073 <0.0071 ***
[3: Herbaceous 0.308 0.082 <0.001%**
Groundcover
B4: Leaf Litter -0.088 0.089 <0.323
Bs: Vegetation Density -0.440 0.091 <0.0071***
Bs: Vegetation Density? 0.223 0.066 <0.0071 ***

ISignificance codes: <0.001 “***°/0.001 “**° 0.01 “**, 0.05 “.”, 0.1 <.
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Figures
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Figure 3.1

Location and management description of pine management sub-units at Sam D.
Hamilton Noxubee National Wildlife Refuge in east-central Mississippi.
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Locations of Marked Individuals 2020
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Figure 3.2 Resight locations of Bachman’s Sparrows captured in 2020.

Resight locations of 20 Bachman’s Sparrows within Sam D. Hamilton Noxubee National
Wildlife Refuge captured in 2020. Two sparrows captured in Bombing Range sub-unit; six
sparrows captured in Section Line sub-unit; nine sparrows captured in Goose Pen sub-unit; three
sparrows capture in the William’s Road sub-unit.
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Locations of Marked Individuals 2021
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Figure 3.3  Resight locations of Bachman’s Sparrows Captured in 2021.

Resight locations of 21 Bachman’s Sparrows Sam D. Hamilton Noxubee National Wildlife
Refuge captured in 2021. Four sparrows captured in Section Line sub-unit; two sparrows
captured in Goose Pen sub-unit; fifteen sparrows captured in the William’s Road sub-unit.
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Figure 3.4  Predicted likelihood of Bachman’s Sparrow occurrence in relation to scaled home
range estimation predictors measured at Sam D. Hamilton Noxubee National
Wildlife Refuge (2020-2021).
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Predicted possible home ranging areas for Bachman’s Sparrows within Sam D.

Figure 3.5
Hamilton Noxubee National Wildlife Refuge.
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Figure 3.6  Predicted likelihood of Bachman’s Sparrow selection in relation to scaled

microhabitat predictors measured at Sam D. Hamilton Noxubee National Wildlife
Refuge (2020-2021).
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Figure A.1
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Mean probability of perceptibility and 95% CI of Brown-headed Nuthatch and
Prairie Warbler within three management sub-units at Sam D. Hamilton Noxubee
National Wildlife Refuge (2017-2021).
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Figure A.2  Mean probability of availability and 95% CI of Brown-headed Nuthatch and
Prairie Warbler within three management sub-units at Sam D. Hamilton Noxubee

National Wildlife Refuge (2017-2021).
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