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EXECUTIVE SUMMARY 
This report summarizes the results of the second year (2018) of a two-year field study conducted 
by researchers at Montana State University in collaboration with the U.S. Fish and Wildlife 
Service to evaluate habitat associations of priority species of obligate grassland birds in the core 
of their breeding range in northeastern Montana. The primary objectives of the study are to 1) 
evaluate how plot-level vegetation conditions affect the abundance of Baird’s Sparrow, chestnut-
collared longspur, McCown’s longspur, and Sprague’s pipit, 2) evaluate associations between 
vegetation composition and structure and nest density and success, 3) evaluate the functional 
relationships among abundance, nest density, and nest survival for these species, and 4) evaluate 
relationships among nest site scale and pasture-level vegetation characteristics. 
During May 9–19, 2018, we selected and ground-truthed 56 potential study plots stratified by 
ownership representing regional variation in grassland management within the study area. Study 
plots were selected to have similar soil conditions and rangeland productivity. We conducted 150 
independent point counts at 50 study plots during May 20–24. We detected a total of 43 species 
including our four focal species. we detected a minimum of 59 Baird’s sparrows ( per point = 
1.18 ± 1.17 SD), 134 chestnut-collared longspurs (2.68 ± 1.83), 31 McCown’s longspurs (0.62 ± 
1.24), and 39 Sprague’s pipits (0.78 ± 0.79). 

We conducted 137 rope drag surveys for nests at the 50 plots during May 25 – June 23, 2018. 
During these surveys we found a total of 171 nests of our focal species, including 11 confirmed 
Baird’s sparrow nests, 149 chestnut-collared longspur nests, nine McCown’s longspur nests, and 
three Sprague’s pipit nests. We also found an additional one Baird’s sparrow nest, 13 chestnut-
collared longspur nests, six McCown’s longspur nests, and one Sprague’s pipit nest 
opportunistically while conducting other surveys. The average ± SD number of nests per plot 
was 0.24 ± 0.82 for Baird’s sparrow, 3.24 ± 3.11 for chestnut-collared longspurs, 0.3 ± 0.86 for 
McCown’s longspurs, and 0.08 ± 0.27 for Sprague’s pipits. We continued to monitor nests until 
they fledged young or failed. Apparent nest success, the proportion of discovered nests that 
produced at least one fledgling, for 2018 was 0.25 for Baird’s sparrows, 0.25 for chestnut-
collared longspurs, 0.33 for McCown’s longspurs, and 0.5 for Sprague’s pipits. In total, we 
found and monitored 306 nests during 2017–2018. Apparent nest success was 30% (6/20), 29% 
(76/263), 38% (6/16), and 29% (2/7) for Baird’s sparrow, chestnut collared longspur, McCown’s 
longspur, and Sprague’s pipit, respectively. 
After nestlings fledged or, in the case of failed nests, at a date when they would have fledged, we 
conducted vegetation surveys to assess plant composition and structure at the nest site. We also 
conducted identical vegetation surveys at 5–15 randomly positioned points within each study 
plot. In total we completed 480 plot scale vegetation surveys and 193 nest site vegetation surveys 
in 2018. 
We constructed and evaluated preliminary models of abundance for all species using survey data 
for both field seasons. Initial results suggest that detection probability for chestnut-collared 
longspurs declined with cloud cover, plot-scale biomass, and slope while local abundance 
declined with shrub and residual grass cover and had a quadratic relationship with biomass 
reaching a maximum at approximately 1080 kg ha-1. Detection probability of Baird’s sparrow 
declined with slope and was variable among observers, local abundance increased with residual 
grass and litter cover. McCown’s longspur detection declined with plot-scale biomass and with 
wind speed and cloud cover. Local abundance declined with shrub cover and biomass. The 
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detection probability of Sprague’s pipits varied with observer, while local abundance was 
maximized with a plot-scale biomass of approximately 1400 kg ha-1. 
We fit preliminary models for the abundance of chestnut-collared longspur nests. Detection of 
nests declined with plot-scale shrub cover and biomass. Local nest density increased with shrub 
cover and declined with biomass. We also fit models for the daily survival rate of chestnut-
collared longspur nests based on the nest-site habitat covariates. Our model comparison showed 
no model significantly better supported than a null model that treated survival rate as constant. 
We fit preliminary models for chestnut-collared longspur daily nest survival based on nest-site 
habitat covariates. The average estimated daily survival for all chestnut-collared longspur nests 
was 0.93 ± 0.005 SE. Estimated nest survival for the maximum exposure period for this species 
(30 days) was 0.12 ± 0.02. The null model had approximately equal support from the data as the 
top model (ΔAICC = 0.91) indicating little support for an effect of nest-site characteristics on 
daily nest survival. 
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ASSESSING HABITAT QUALITY FOR NORTHERN-MIXED GRASS PRAIRIE 
SONGBIRDS 

2018 Annual Report 

Objective 1: Assess relationship between plot vegetative structure and composition and 
abundance of Baird’s sparrow, chestnut-collared longspur, McCown’s longspur, and 
Sprague’s pipit. 

Site Selection.— We used a stratified random sampling approach to control for possible 
confounding factors that may influence the abundance and productivity of birds, including soil 
characteristics (soil type, productivity), expected annual precipitation, and distance to roads 
(Sutter et al. 2000, Lipsey and Naugle 2016). Natural Resource Conservation Service (NRCS) 
soil survey data were used to identify and select areas in northern Phillips county identified as 
having silty soils, with 25–33 cm of average precipitation and at least 1,120 kg ha-1 of vegetation 
productivity in a normal year. We selected sites based on soil and productivity parameters 
because they describe the conditions known to support all four of our focal species (M. Sather, 
Partners for Fish and Wildlife, personal communication). We further stratified sites by 
ownership, land use, and distance to roads. To ensure study sites represented the gradients of 
vegetative conditions and livestock use while assuring access, we selected study sites occurring 
on public lands known to have diverse land and livestock management. We limited selection of 
study sites to lands managed by Bowdoin National Wildlife Refuge (NWR), managed by the 
Bureau of Land Management (BLM) and Montana state trust lands. To incorporate private lands 
into our sample, we selected several potential sites based on the above characteristics as potential 
study sites conditional on access being granted by the owner. To make it feasible to drive to 
study sites, we limited our search to within 40 miles of Bowdoin NWR. We then used ArcMap 
(ESRI 2016) to select broad areas that contained the above-mentioned soil conditions and land 
uses and were close enough together to access multiple sites in a given field day. We then used 
ArcMap to randomly generate 300 × 300 m plots within these areas. Of the generated plots, we 
selected only plots that fit predefined soil conditions, were completely within one land ownership 
type (BLM, NWR, Montana state trust, or private), were not within 200 m of a road, and did not 
overlap one another. In total we generated 12 potential plots on school trust land, another 12 on 
NWR land, 97 on BLM, and 31 on private land (we would only be granted access to six). The 
disparity in the number of plots generated for each land use type is due to the difference in 
abundance for each type. In Phillips county within 40 miles of Bowdoin NWR, there are 
approximately 215,218 ha (72% of public land) of BLM land, 76,578 ha (26% of public land) of 
school trust land, and only 6,819 ha (2% of public land) of NWR land. 

Ground Truthing.—We conducted field training and ground-truthed potential study plots 
during May 9–19, 2018. All BLM, NWR, and state trust plots were truthed in 2017, however to 
check for any changes to the plot between field seasons (e.g., the installation of new fences, oil 
derricks, large wetlands that had not been present during the dry 2017 field season, any grass 
fires that may have drastically changed the vegetation), we reinvestigated all 2018 plots. We also 
inspected the six private land plots for the presence of vernal wetlands, power lines, fences, and 
coverage of shrubs. When it was possible, we moved plots ≥ 100 m from roads, oil wells, fences, 
and power lines because habitat use by grassland birds is often influenced by anthropogenic 
disturbance (Sutter et al. 2000, Thompson et al. 2015). Plots that contained ≥ 50% shrub cover 
were moved to a nearby area with < 50% shrub cover when possible (With 1994). Plots were 
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removed from the study when there was no location within 300 m that met the criteria for soil, 
vegetation, or anthropogenic structures. Ground-truthing and selection of 50 survey plots were 
completed 19 May, and included six plots on National Wildlife Refuge land, six on state-trust 
land, six on private land, and 32 on BLM land (Fig 1). 

Point Count Surveys.— During 20–24 May 2018 we conducted point count surveys at 50 
survey plots within the study area. Each point-count location was positioned in the center of each 
plot to ensure that no individuals holding territory partially or completely outside the plot were 
counted. Replicated surveys at each site occurred on the same survey morning to assure 
population closure. We recorded all birds detected by sight and sound within 100 m of the point 
for a 5 minute period (Hutto et al. 1986). For each count, we recorded the local weather 
conditions including temperature, wind speed, and cloud cover. The distance from the center 
point was estimated for each detection and recorded in four distance bins, 0–25m, 26–50m, 51–
75m, and 76–100m (Ralph et al. 1993). Other data recorded included sex (dichromatic species 
only), group size, vocalization, and behavior of each species identified. At each survey location, 
the observer recorded the point to be surveyed, date and time, percent overcast, precipitation, 
temperature, and wind speed. Point count surveys were conducted from one-half hour before 
sunrise through no later than 1000h MST. Surveys were not conducted if average wind speed 
exceeded 20 kph or during rainfall. 

Vegetation Surveys.— We generated 15 random points within each of the 50 study plots 
to assess plot-level vegetative composition and structure.  We began by surveying 5 of these 
points, we then calculated the mean and standard deviation of % grass or % bare ground, 
whichever was more abundant in that particular plot, and used the following equation to 
determine the necessary sample size needed to accurately represent variation in vegetation 
measurements within each plot: 

! = ($%)'(()'	 ÷	 (+)' 

where n = the uncorrected sample size, $% is the standard normal coefficient calculated for a 
confidence interval of 90% (1.64), ( is the sample standard deviation and + is the sample mean 
multiplied by the desired precision (0.15). With the mean and standard deviation along with 
standard values for $% and precision, we calculated the uncorrected sample size. This value was 
then compared to the table given in Elzinga et al. (1998; Appendix 7) to get the corrected sample 
size of vegetation survey points needed. If the corrected sample size was greater than the current 
number of frames surveyed, then we continued to survey vegetation at additional random points 
until the necessary sample size was reached to adequately assess plot-level vegetation conditions. 
 Prior to vegetation sampling each day, we calibrated our ability to visually estimate 
biomass within a 20 × 50 cm Daubenmire frame (Daubenmire 1959) by estimating, clipping, and 
taking the mass of 5–10 samples prior to conducting our surveys (Coulloudon et al. 1999). At 
each random point and nest location, we recorded visual obstruction (VOR) to the nearest cm 
from each of the four cardinal directions at a distance and height of 4 m and 1 m, respectively 
(Robel et al. 1970). We quantified overlapping canopy coverage at nests or random points using 
5, 20 × 50 cm Daubenmire frames, with one frame centered on a nest or randomly selected point, 
and the remaining four placed 0.5 m in each cardinal direction (Winter 1999). We estimated 
percent canopy coverages of current growing season grass, residual grass, forbs, shrubs, litter, 
and bare ground. We also estimated the herbaceous biomass, recorded the litter depth, slope, 
average height of grass, forbs, and shrubs, and the percent cover of exotic species within the 
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frame. To establish the relationship between green herbaceous biomass and dry herbaceous 
biomass, we collect all the standing herbaceous vegetation within the northern Daubenmire 
frame at the first 3 plot scale vegetation points in each plot after other vegetation surveys have 
been completed. These samples are placed in paper sacks and stored it in a shed to air dry. 
Weekly we measured the mass of all the samples to determine if any have completely dried out, 
at which point we record the dry weight of the sample. A sample is considered to have 
completely dried out if the mass from the current week matched that of the previous week. After 
all vegetation surveys were completed, we calculated a mean difference between estimated green 
weight and measured green weight for each observer and applied that calibration to all estimated 
samples for that observer. We used the same method to establish a mean difference between 
green weight and dry weight for all samples, we then used this calibration to convert all 
estimated green weights to calibrated dry weight. Visual obstruction (VOR), average live and 
residual grass height, exotic species cover, litter cover and depth, and biomass were highest on 
NWR plots and similar for BLM, ST, and PL plots (Table 1). Forb height, shrub height, and 
percent cover of all cover classes except bare ground and litter was similar among land 
ownership types. The percent cover of bare ground was lowest on NWR plots compared to BLM, 
ST and PL. 

Assessing Multicollinearity.—Prior to fitting models we first tested for multicollinearity 
between potential habitat covariates. We calculated the Pearson’s correlation coefficient (r) for 
each combination of habitat covariates. We considered two variables to be correlated if r ≥ 0.5. 
We found significant correlations between biomass and the heights of forbs and live and residual 
grass (r = 0.57, 0.87, and 0.80 respectively), as well as litter depth (r = 0.67), live grass cover (r = 
0.57), exotic cover (r = 0.77), and VOR (r = 0.93; Fig. 2). VOR indexes biomass and has often 
been found to be an important determinant of grassland bird abundance (Davis et al. 1999, 
Madden et al. 2000, Davis 2004, Fisher and Davis 2010). However, as we have an estimate of 
plot-scale biomass, using its index is unnecessary. Biomass is also easier to communicate to land 
owners than VOR. We therefore retained biomass as an independent variable and removed the 
others from further analyses. Shrub cover was correlated with shrub height (r = 0.85); we 
retained shrub cover in the future models and excluded shrub height due to previously observed 
associations of grassland birds with shrub coverage (With 1994, Davis et al. 1999, Madden et al. 
2000, Davis 2004, Lipsey and Dreitz 2014). Litter cover was correlated with bare ground cover 
(r = 0.71), since litter cover was also correlated with litter depth (r = 0.64) and litter depth is 
often associated with bird abundance, we retained litter cover over bare ground cover (Fisher and 
Davis 2010). 

Preliminary Modeling.—We built and evaluated initial models to test hypotheses 
regarding the effects of plot-scale vegetation conditions on the abundance of the four focal 
species (Table 2).  We used N-mixture models, which simultaneously estimate detection 
probability and abundance, using program R package ‘unmarked’ (Fiske and Chandler 2011). 
The binomial N-mixture model has proven an effective means to simultaneously estimate 
detection probability and abundance of unmarked individuals identified during spatially 
replicated count data, operating under the assumption of population closure, where births/deaths 
and emigration/immigration are equal to zero for the duration of the surveying period (Royle 
2004). Because we only measured habitat conditions previously shown to influence grassland 
bird abundance or detectability, we used stepwise model selection techniques to identify the 
factors influencing detection probability and abundance for each grassland bird species. We 
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started with a highly parameterized model and eliminated uninformative parameters based on 
their lack of influence on detection probability or abundance. Submodels related to species-
specific detection probabilities were fit prior to fitting models for local abundance. We used 
AICc to compare models and identify important variables to include in the final detection or 
abundance model for each grassland bird species. Supported models with large model weights 
(wi) and AICc values ≤ 2 from the best-fit model were considered parsimonious (Burnham et al. 
2011). When a supported model differed from the top model by a single parameter, we 
considered the additional parameter to be uninformative and excluded this parameter from 
inclusion in the top model (Arnold 2010). 

Variables considered to influence detection probability of grassland birds were observer, 
temperature, cloud cover, wind speed, average slope, and biomass. Plot-averaged biomass and 
slope were not used in models for Sprague’s pipit detection probability as, with only a single 
exception, all detections for this species were from males singing during their flight display, so 
ground level conditions like vegetation structure and topography are unlikely to have any effect 
on detection probability for this species. Vegetation biomass as indexed by visual obstruction 
reading, grass coverage and height, litter depth, bare ground, and forb and woody vegetation 
prevalence have previously been cited as important correlates of grassland bird abundance (Grant 
et al. 2004, Fisher and Davis 2010, Thompson et al. 2014). For each covariate included in 
detection and abundance submodels, we evaluated whether a linear, quadratic, or pseudo-
threshold effect was best supported for its influence on avian detection probability or abundance. 

Overdispersion—We evaluated potential overdispersion in the data by comparing support 
for three highly-parameterized models, one with a Poisson distribution, one with a negative 
binomial distribution, and one with a zero-inflated Poisson distribution. Each model included all 
possible parameters for both detection probability and abundance. Models were then compared 
using corrected AICc, and the most supported error distribution was used for all future models 
for that species. For Baird’s sparrow and Sprague’s pipit a Poisson distribution was supported, a 
zero-inflated Poisson was supported for chestnut-collared longspur, and for McCown’s longspurs 
a negative binomial distribution was supported. 

Goodness of fit—After accounting for overdispersion, we used the most parameterized 
model of abundance to run a goodness of fit test. We used the goodness of fit function for N-
mixture models built into R package ‘unmarked’ (Fiske and Chandler 2011). We used 500 
simulations to generate a distribution of chi-squared statistics. The results of the simulation 
indicated relatively good model fit for all four species (Baird’s sparrow: estimated χ2 = 235.95, 
estimated c hat = 0.85, chestnut-collared longspur: estimated χ2 = 333.09, estimated c hat = 0.96, 
p-value = 0.62; p-value = 0.92; McCown’s longspur: estimated χ2 = 313.58, estimated c hat = 
1.09, p-value = 0.2; Sprague’s pipit: estimated χ2 = 261.68, estimated c hat = 0.99, p-value = 
0.52). 

Preliminary Results.—We conducted 150 point count surveys at 50 survey points in 
2018; 100 survey points were surveyed 300 times in both 2017 and 2018. The most abundant 
species overall was chestnut-collared longspur, followed by Baird's sparrow, Sprague’s pipit, and 
then McCown’s longspur. Across both survey years we observed 104 Baird’s sparrows ( per 
point = 1.04 ± 1.01), 304 chestnut-collared longspurs (3.04 ± 2.30 SD), 41 McCown’s longspurs 
(0.41 ± 0.98), and 88 Sprague’s pipits (0.88 ± 0.88). An initial screening revealed that detection 
probabilities of three of our four focal species were highly variable among observers and across 
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species (Fig. 3).  To reduce the number of parameters in our candidate models, we calculated an 
average detection probability for all observers, and separated observers into two groups based on 
their individual detection probabilities relative to the group mean (high detection probability and 
low detection probability); pooling individual observers into two groups of relative observer skill 
reduced the number of parameters in detection models from 10 to 1 while retaining potentially 
important observer effects on detection probability. 

We detected Baird’s sparrows at 63 survey plots. The average ± SE probability of 
detecting a Baird’s sparrow was 0.73 ± 0.03. We found support for three models of Baird’s 
sparrow detection probability (Table 3), which contained an effect of observer and plot-scale 
slope, but two of the models also included cloud cover and temperature. 95% confidence 
intervals for the effects of these factors overlapped 0 (-0.08 – 0.56 for temperature and  -0.61 – 
0.04 for cloud cover) so we considered these factors to be uninformative (Arnold 2010). The 
probability of detection for Baird’s sparrow was influenced by observer and slope with a 
negative effect of slope (β = -0.66 ± 0.23).  After accounting for variable detection probability, 
our top model for abundance of Baird’s sparrow included a positive effect of litter cover (β = 
0.21 ± 0.09) and residual grass cover (β = 0.20 ± 0.09; Figs 4 and 5). 

We detected chestnut-collared longspurs at 80 survey plots.  The average (± SE) 
probability of detecting a chestnut-collared longspur was 0.65 ± 0.03. The top model for 
detection included terms for cloud cover, observer, plot-scale biomass, slope, and temperature, 
however a 95% confidence interval about the coefficient estimate for temperature overlaps zero 
(-0.01 – 0.39; Table 4); thus the effect of temperature on detection of chestnut-collared longspur 
was considered non-informative (Arnold 2010). The probability of detecting a chestnut-collared 
longspur decreased with cloud cover (β = -0.31 ± 0.10), biomass (β = -0.937 ± 0.20), and slope 
(β = -0.27 ± 0.14). After accounting for imperfect and variable detection probability, we found 
support for a quadratic effect of biomass and linear effects of shrub and residual grass cover. 
Residual grass cover was negatively associated with abundance (β = -0.17 ± 0.08) as was shrub 
cover (β = -0.27 ± 0.07). Local abundance was maximized with a biomass of about 1080 kg ha-1 
(Figs 4 and 6). 

We detected McCown’s longspurs at 22 sites with an average detection probability of 
0.60 (± 0.06). We found support for two models of detection probability (Table 5) that contained 
effects for cloud cover, wind speed and biomass.  One model also included an effect of 
temperature; however, the 95% confidence interval of the effect of temperature overlapped 0 (-
0.20 – 0.73) and we considered the effect uninformative (Arnold 2010). Detection of McCown’s 
longspurs was negatively influenced by cloud cover (β = -1.12 ± 0.41), wind speed (β = -0.71 ± 
0.29), and biomass (β = -3.2 ± 0.75).  After accounting for probability of detection, we had three 
top models for McCown’s abundance (Table 6). All three models included an effect of shrub 
cover, two included an effect of biomass, and the last also had an effect of litter cover. A 95% 
confidence interval on the effect of litter cover on local abundance overlapped 0 (-1.18 – 0.37), 
so we considered this factor uninformative (Arnold 2010). The local abundance of McCown’s 
longspurs was negatively associated with both shrub cover (β = -0.81 ± 0.36) and biomass (β = -
2.36 ± 1.18; Figs 4 and 7). 

Sprague’s pipits were detected at 59 sites with an average detection probability of 0.66 (± 
0.04). We found support for three models evaluating variation in Sprague’s pipit detection 
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probability (Table 6), all of which contained an effect of observer but with two containing 
temperature and one containing cloud cover, 95% confidence intervals on the effect of these 
latter two factors overlapped 0 (-0.05 – 0.59 and -0.13 – 0.71 respectively) so they were 
considered uninformative. Accounting for detection probability, we found support for two 
models of Sprague’s pipit abundance (Table 5). Both models contained a quadratic form of 
biomass, with one also containing residual grass cover. A 95% confidence interval on the effect 
of residual grass cover overlapped 0 (-0.07 – 0.44) we therefore considered this factor to be 
uninformative. Local abundance of Sprague’s pipits was maximized when plot-level biomass 
averaged 1400 kg ha-1 (Figs. 4 and 8).  

Goals for Next Quarter: 

Collinearity between plot biomass and exotic grass coverage have prevented including 
exotic cover in models. We will construct an additional set of models using exotic cover in place 
of biomass and any covariates that do not have any collinearity issues with exotic cover to 
evaluate the effect of exotic grasses on species local abundance.  
Objective 2: Evaluate the relationship between nest density and plot scale vegetation 
composition and structure for Baird’s sparrow, chestnut-collared longspur, McCown’s 
longspur and Sprague’s pipit. 

Nest Searching Surveys.—We conducted rope dragging surveys during 27 May – 25 June 
to locate songbird nests at the 50 survey plots. Rope dragging surveys were conducted with a 
weighted 20-m rope and occurred during morning (06:00–10:00 MST) and evening (17:00–
20:00 MST) hours. To estimate detection probability of nests, we surveyed each plot multiple 
times; 35 plots were surveyed three times and the remaining 15 were surveyed twice. We began 
each rope dragging survey at a randomly selected corner of the study plot, and systematically 
searched the plot using standard rope-dragging protocols (Labisky 1957). We randomized the 
order of surveys. To control for the possible diurnal effects in nest detection, the time of surveys 
within each plot (morning or evening) was alternated among replicated visits. 

In the event of a bird flush during rope-dragging or incidentally within a plot, observers 
searched the area to locate a nest. For each detected nest of our focal species, we recorded the 
GPS coordinates and marked the site with three bamboo stakes 25 cm in length; two stakes were 
hammered into the ground 2 m north of the nest and the last 2 m east to aid in relocating the nest 
during nest monitoring. Any nests of focal species discovered incidentally within our study plots 
during site truthing or point counts were also marked and monitored. 

Preliminary Modeling—We built and compared initial models to test hypothesis of the 
effects of plot-scale vegetation conditions on the abundance of chestnut-collared longspur nests 
(Table 7). We used N-mixture models to simultaneously estimate detection probability and 
abundance using R package ‘unmarked’(Fiske and Chandler 2011). These types of models are 
demonstrably effective at estimating the detection probability and abundance of unmarked 
individuals identified during spatially replicated counts, provided that the population is closed, 
where no individuals enter (born, immigrate to) or leave (die, emigrate from) the population 
during the duration of the survey period (Royle 2004).  Bird nests don’t move so immigration 
and emigration are not an issue. While nests aren’t “born” and don’t “die,” throughout the 
breeding season nests will be depredated and new nests will be initiated. It was not logistically 
possible for us to conduct all replicated visits within a small enough timeframe to guarantee no 
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nest depredations or new nest initiations during the survey period. All four of our study species 
will make additional nesting attempts in the event of nest depredation (Green et al. 2002, With 
2010, Davis et al. 2014, Bleho et al. 2015). The rope drag method described above requires a bird 
to flush from a nest in order to detect it, so depredated nests are not eligible for detection but if 
the same pair has initiated a new nest since the previous survey then we could detect that nest, 
meaning that the number of active nests in the plot would not change. This assumption is only 
valid if no breeding pair that had an active nest on the first day of nest searching fledge young 
and conclude their breeding effort for the season before the conclusion of all surveys. Therefore, 
we made sure to complete all nest searching surveys before the combined maximum laying, 
incubation, and brooding periods of all four species. 

Variables considered to influence detection probability of bird nests were survey 
temperature, wind speed, cloud cover, date, and time, as well as plot averaged biomass and shrub 
cover. Variables used to model the abundance of nests were plot averaged biomass, slope, and 
coverage of residual grass, forbs, shrubs, and litter. 

Overdispersion—We evaluated the amount of overdispersion in the data using by fitting 
three highly parameterized models each using a different error distribution, Poisson, zero-
inflated Poisson, or negative binomial. For chestnut-collared longspur nest density, a Poisson 
distribution was most supported and used for all future models.  After accounting for 
overdispersion, we used the most parameterized model of abundance to run a goodness of fit test. 
We used the goodness of fit function for N-mixture models from R package ‘unmarked’ (Fiske 
and Chandler 2011). We used 500 simulations to generate a distribution of chi-squared statistics. 
The results of the simulation indicate mild overdispersion in the data, but our estimated c hat was 
still less than two, so we moved forward with modeling (estimated χ2 = 305.1, estimated c hat = 
1.23, p-value = 0.02) 

Preliminary Results.— We found a total of 171 nests of our focal species, including 149 
chestnut-collared longspur nests, 11 confirmed Baird’s sparrow nests, three Sprague’s pipit nests, 
and nine McCown’s longspur nests. We also found an additional one Baird’s sparrow nest, 13 
chestnut-collared longspur nests, six McCown’s longspur nests, and one Sprague’s pipit nest 
opportunistically while conducting other surveys. The average ± SD number of nests per plot 
was 0.24 ± 0.82 for Baird’s sparrow, 3.24 ± 3.11 for chestnut-collared longspurs, 0.3 ± 0.86 for 
McCown’s longspurs, and 0.08 ± 0.27 for Sprague’s pipits. During both survey years, we found a 
total of 20 Baird’s sparrow nests ( plot = 0.20 ± 0.67 SD), 265 chestnut-collared longspur nests 
per (2.65 ± 2.72), 16 McCown’s longspur nests (0.16 ± 0.63), and seven Sprague’s pipit nests 
(0.07 ± 0.26). 

Potential covariates for models for detection probability of chestnut-collared longspur 
nests included survey temperature, date of the breeding season, time of the survey, wind speed, 
cloud cover, and plot-scale biomass, slope, and shrub cover. Potential covariates for abundance 
of nests included biomass, slope, and the percent cover of residual grass, forbs, shrubs, litter 
(Table 7). Two models for detection received approximately equal support, both including 
biomass and shrub cover and one also including temperature, however a 95% confidence interval 
about the estimated effect of temperature overlapped 0 (-0.27 – 0.02), we therefore considered 
this parameter uninformative and used plot-scale biomass and shrub cover as covariates in all 
future models (Table 8). Detection probability of nests was negatively associated with both 
biomass (β = -0.94 ± 0.19) and shrub cover (β = -0.42 ± 0.10). 
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We found support for two models of chestnut-collared nest abundance, and both 
contained an effect of biomass (Table 8).  Chestnut-collared nest abundance was negatively 
associated with mean herbaceous biomass (β = -1.65 ± 0.53; Figs 9 and 10). The data also 
supported an effect for slope, however confidence interval overlapped 0 and the effect was 
considered non-informative (Arnold 2010).  
Goals for Next Quarter: 

Collinearity between plot biomass and exotic grass coverage have prevented including 
exotic cover in models. We will construct an additional set of models using exotic cover in place 
of biomass and any covariates that do not have any collinearity issues with exotic cover to 
evaluate the effect of exotic grasses on chestnut-collared longspur nest density. Given the small 
number of nests detected for our other three focal species (20, 16, and seven for Baird’s sparrow, 
McCown’s longspur, and Sprague’s pipit respectively), models of nest abundance and detection 
probability are unlikely to converge. 
Objective 3: Evaluate the relationships among plot and nest site scale vegetative conditions 
and nest survival of Baird’s sparrow, chestnut-collared longspur, McCown’s longspur and 
Sprague’s pipit. 

Nest Monitoring.— We recorded the number of eggs or nestlings in nests at nest 
discovery. Subsequent nest visits occurred every 3 days until the nest failed or fledged young. 
Nests were considered successful if they fledged ≥ 1 young bird, as evident from observations of 
fledglings, parental feeding post-fledging, parental persistent alarm calling in the area of an 
empty nest, or the presence of fledgling feces in nests (Martin and Geupel 1993, Ralph et al. 
1993). Nests that did not fledge ≥ 1 young were classified as failed. Failed nests are the result of 
abandonment, depredation, or parasitism in which the nest fledged only young of the parasite 
species. Nests with eggs were classified as abandoned when the total number of days we 
observed a nest exceeded the maximum incubation period of that species. We would have also 
classified nests in the nestling stage as abandoned if the nest was found to contain dead nestlings 
with no sign of injury, suggesting they died of starvation, however this did not occur at any of 
the nests we found during 2017 or 2018. Nests were classified as failed due to depredation if 
eggs were suddenly absent from the nest with or without eggshells present, or if the nestlings 
were absent from the nest prior to the earliest possible fledge date, or if the nestlings were gone 
from the nest at an age when they could have fledged but none of the above evidence of fledging 
was present. Our protocol may underestimate nest success, but a conservative approach was 
preferred to potentially overestimating nest success (Williams and Wood 2002). Accurate 
estimation of nest success is further complicated by a wide window of potential fledge dates in 
the case of our focal species (Green et al. 2002, With 2010, Davis et al. 2014, Bleho et al. 2015). 
Chestnut-collared longspurs and Baird’s sparrows can fledge (i.e., leave the nest) when their 
primaries are only half unsheathed and they are unable to fly (J. Pulliam, personal observation). 
The possibility of nestlings fledging while they are still apparently immature prevented us from 
assuming successful fledging based solely on the nestlings age. Nests failed due to parasitism if 
brown-headed cowbirds laid an egg in the nest and the cowbird nestling removed all the host 
eggs or chicks such that no host chicks fledged. 

We conducted vegetation surveys at nest sites within 3 days of fledging or expected 
fledge date for failed nests. These surveys were identical to the plot scale vegetation surveys 
described in Objective 1 except that the point was centered on the nest rather than on a randomly 
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generated point. To account for changes in growth of vegetation between the time when a nest 
finishes and the time when we conduct our plot scale vegetation surveys, each nest vegetation 
survey was paired with two parallel vegetation surveys at two randomly selected locations within 
the same survey plot, and all three surveys occurred on the same day. 

Preliminary Results.—In total, we found 192 nests for our focal species in 2018 and 305 
in both years.  Apparent nest success in 2018 was 0.25 (3/12) for Baird’s sparrows, 0.25 (40/161) 
for chestnut-collared longspurs, 0.33 (5/15) for McCown’s longspur, and 0.5 (2/4) for Sprague’s 
pipit. During both field seasons (2017 and 2018) apparent nest success was 30% (6/20), 29% 
(76/263), 38% (6/16), and 29% (2/7) for Baird’s sparrow, Chestnut collared longspur, McCown’s 
longspur, and Sprague’s pipit, respectively. 

We used the nest survival model in program MARK (White and Burnham 1999) to model 
daily nest survival for chestnut-collared longspur nests as a function of nest-site covariates. 
Average estimated daily nest survival for all chestnut-collared longspur nests was 0.93 ± 0.005 
SE. Estimated nest survival for the entire nest exposure period (30 days, Bleho et al. 2015) was  
0.12 ± 0.02. Covariates for the candidate model set included biomass, residual grass cover, forb 
cover, shrub cover, litter cover, and year when the nest was monitored (Table 7). Model selection 
was based on minimization of the AICc. Models with ΔAICC ≤ 2 were considered parsimonious 
(Burnham et al. 2011). The null model had approximately equal support as the top model 
(ΔAICC = 0.91; Table 9), indicating relatively little support for habitat effects on the daily 
survival rate of chestnut-collared longspur nests. When constructing 95% confidence intervals 
around the estimated slope coefficients from the most parameterized model, all covariate effects 
overlapped 0 (Fig. 11). 

Goals for Next Quarter: 
 We will rerun the nest daily survival models using plot-scale habitat covariates instead of 
the nest-site habitat covariates used in the models described above. 
Objective 4: Evaluate relationships among abundance, nest density, and nest survival of 
focal grassland birds 

We calculated the apparent local abundance of each species during point counts using the 
maximum counts per plot across all three visits. We estimated the apparent local nest-density 
from nest searching effort. Taking data from all 100 plots across both survey years, we detected 
104 Baird’s sparrow adults ( per plot 1.04 ± 1.01 SD) and 20 nests (0.2 ± 0.67). From our point 
counts we detected 304 chestnut-collared longspur adults (3.04 ± 2.30) and we found 265 nests 
(2.65 ± 2.72). For McCown’s longspur apparent adult abundance was 41 (0.41 ± 0.98) and 
apparent nest density was 16 (0.16 ± 0.63). Sprague’s pipit apparent adult abundance was 88 
(0.88 ± 0.88) and apparent number of nests was seven (0.07 ± 0.26). 

Goals for Next Quarter: 
We will conduct preliminary regression analyses to evaluate whether abundance can be 

used to accurately predict nest density.  Estimated bird abundance will be used as a covariate to 
model nest survival; support for abundance effects on nest survival will be evaluated by 
comparing this model to a null model using Akaike’s Information Criterion for finite sample 
sizes (AICC). 
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Table 1. Mean (± standard deviation) of vegetation survey parameters of 480 
vegetation surveys across 50 study plots on Bureau of Land Management (BLM), 
Private (PL), National Wildlife Refuge (NWR), and state-trust (ST) land in Phillips 
County, Montana in 2018. 

 Site Ownership 

 
BLM 
(n=32) 

PL 
(n=6) 

NWR 
(n=6) 

ST 
(n=6) 

VOR (cm) 3.06 (3.08) 2.74 (2.96) 16.66 (14.17) 3.96 (3.27) 
Grass Cover (%) 21.49 (12.46) 24.42 (10.8) 34.06 (18.47) 23.75 (12.89) 
Grass Height (cm) 13.25 (5.15) 13.78 (2.92) 28.1 (11.36) 14.09 (4.82) 
Residual Cover (%) 16.62 (10.68) 18.16 (10.52) 22.34 (16.59) 17.93 (10.3) 
Residual Height (cm) 10.17 (4.12) 12.17 (4.03) 18.56 (9.21) 11.78 (4.77) 
Litter Cover (%) 21.05 (15.23) 30.2 (15.54) 48.22 (27.91) 26.45 (19.74) 
Club Moss (%) 35.54 (21.57) 25.89 (22.45) 14.75 (19.16) 29.84 (18.85) 
Bare Ground (%) 16.21 (16.66) 12.44 (14.88) 3.44 (3.16) 13.3 (15.44) 
Forb Cover (%) 10.31 (7.07) 12.03 (8.09) 9.71 (8.38) 10.41 (8.1) 
Forb Height (cm) 6.75 (3.24) 6.78 (3.43) 12.12 (10.89) 6.54 (2.81) 
Shrub Cover (%) 3.73 (3.24) 4.56 (5.41) 2.63 (0.74) 3.8 (3.51) 
Shrub Height (cm) 1.27 (3.03) 2.07 (4.46) 0.15 (1.03) 1.38 (3.25) 
Litter Depth (%) 3.78 (3.38) 3.76 (2.04) 13.68 (13.24) 4.56 (3.75) 
Exotic Cover (%) 4.16 (7.39) 2.6 (0.88) 18.21 (26.74) 3.58 (4.64) 
Biomass (g) 11.31 (4.28) 12.09 (3.05) 24.53 (15.56) 12.52 (4.42) 
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Table 2: Hypothesized associations between detection and abundance for chestnut-collared longspur (CCLO), Baird’s sparrow (BAIS), McCown’s 
longspur (MCLO), and Sprague’s pipit (SPPI) and habitat conditions in Phillips County, Montana, 2017–2018.  Minus (-) and plus (+) symbols 
represent hypothesized negative and positive effects, respectively. 
 Species Parameters References 
    
Detection All Species Varies with Observer (Diefenbach et al. 2003)   
  Temperature (-) Wind(-) Cloud Cover(-) (Ralph et al. 1993) 
 CCLO, BAIS, MCLO Slope (-) Biomass(-) Likely reduces ability to detect bird visually 
Abundance CCLO Biomass(+) Residual(-) Shrubs(-) (Davis et al. 1999, Davis 2004) 
  Forb(-) Shrub(-) (Lipsey and Dreitz 2014) 
  Biomass (-) Exotic cover(-) (Dechant 2002) 
 BAIS Residual(+) Forb cover(+) Shrub cover(-) Biomass(-) (Davis et al. 1999, Madden et al. 2000, Davis 2004) 
  Exotic cover(-) (Madden et al. 2000) 
  Biomass (+ up to a threshold) (Madden et al. 2000) 
 MCLO   
  Biomass(-) Forbs(-) (Dechant 2002) 
  Shrubs(-) (With 1994) 
 SPPI   
  Forbs(-) Shrubs(-) (Davis 2004) 
  Biomass increasing up to a threshold (Madden et al. 2000) 
  Biomass(-) Shrubs(-) Residual(-) Exotic(-) (Dechant 2001) 
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Table 3: Model set for Baird's sparrow detection and abundance in 100, 9 ha plots in Phillips County, Montana during summers of 2017 and 
2018. 
Detection K AICc ΔAICc AICcWt 
 Observer + Slope 4 521.62 0 0.36 
 Observer + Slope + Cloud Cover 5 521.97 0.35 0.30 
 Observer + Slope + Cloud Cover + Temp 6 522.35 0.73 0.25 
 Null 2 526.26 4.64 0.04 
 Observer + Slope + Temp + Wind + Cloud Cover + Biomass 8 526.55 4.94 0.03 
 Observer + Slope + Temp + Wind + Cloud Cover + Biomass + Precip 9 527.31 5.69 0.02 
Abundance     
 Litter Cover + Residual Cover 6 513.19 0 0.41 
 Litter Cover 5 515.28 2.09 0.14 
 Ln(Biomass) + Litter Cover 6 515.45 2.26 0.13 
 Residual Cover 5 515.84 2.66 0.11 
 Ln(Biomass) + Residual Cover 6 515.95 2.76 0.10 
 Ln(Biomass) 5 517.85 4.66 0.04 
 Ln(Biomass) + Shrub Cover 6 518.73 5.54 0.03 
 Ln(Biomass) + Forb Cover 6 520.36 7.17 0.01 
 Ln(Biomass) + Resid Cover + Shrub Cover + Forb Cover 8 520.56 7.38 0.01 
 Ln(Biomass) + Resid Cover + Shrub Cover + Forb Cover + Litter Cover 9 520.59 7.40 0.01 
 Null 4 521.62 8.43 0.006 
 Shrub Cover 5 521.75 8.56 0.006 
 Forb Cover 5 523.70 10.51 0.002 
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Table 4: Model set for chestnut-collared longspur detection and abundance in 100, 9 ha plots in Phillips County, Montana during summers of 2017 
and 2018. 
Detection K AICc ΔAICc AICcWt 
 Temp + Observer + Biomass + Slope + Cloud Cover 7 984.41 0 0.73 
 Temp + Observer + Biomass + Slope + Cloud Cover + Precip 8 987.15 2.74 0.19 
 Temp + Observer + Biomass + Slope + Cloud Cover + Precip + Wind 9 990.11 5.70 0.04 
 Temp + Observer + Biomass + Slope 6 990.25 5.84 0.04 
 Null 2 1029.58 45.17 < 0.001 
Abundance     
 Biomass + Biomass2 + Resid Cover + Shrub Cover 11 939.32 0 0.91 
 Biomass + Biomass2 + Resid Cover + Shrub Cover + Forb Cover + Litter Cover 13 944.05 4.73 0.09 
 Biomass + Biomass2 9 949.97 10.65 0.004 
 Biomass + Biomass2 + Litter Cover 10 951.66 12.33 0.002 
 Forb Cover + Bare Ground Cover + Shrub Cover 10 952.98 13.66 0.001 
 Litter Cover 8 960.15 20.83 < 0.001 
 Null 7 960.33 21.02 < 0.001 
 Shrub Cover 8 962.03 22.71 < 0.001 
 Residual Grass Cover 8 962.68 23.36 < 0.001 
 Forb Cover 8 963.18 23.86 < 0.001 
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Table 5: Model set for McCown’s longspur detection and abundance in 100, 9 ha plots in Phillips County, Montana during summers of 
2017 and 2018. 
Detection K AICc ΔAICc AICcWt 
 Cloud Cover + Wind + Biomass 5 294.96 0 0.58 
 Cloud Cover + Wind + Biomass + Temp 6 296.33 1.38 0.29 
 Cloud Cover + Wind + Biomass + Temp + Slope 7 298.41 3.45 0.10 
 Cloud Cover + Wind + Biomass + Temp + Slope + Precip 8 301.14 6.18 0.03 
 Cloud Cover + Observer + Biomass + Temp + Slope + Precip + Wind 9 304.07 9.11 0.006 
 Null 2 315.45 20.49 < 0.001 
Abundance     
 Shrub Cover + Biomass 8 265.21 0 0.36 
 Shrub Cover 7 265.88 0.67 0.26 
 Shrub Cover + Biomass + Litter Cover 9 267.16 1.95 0.14 
 Biomass 7 268.3 3.08 0.08 
 Shrub Cover + Biomass + Litter Cover + Forb Cover 10 270.05 4.84 0.03 
 Null 6 270.27 5.06 0.03 
 Biomass + Forb Cover 8 270.61 5.39 0.02 
 Biomass + Resid Cover 8 270.62 5.41 0.02 
 Biomass + Litter Cover 8 270.09 5.87 0.02 
 Resid Cover 7 272.38 7.17 0.01 
 Shrub Cover + Biomass + Litter Cover + Forb Cover + Resid Cover 11 272.74 7.53 0.01 
 Forb Cover 7 272.87 7.66 0.008 
 Litter Cover 7 272.89 7.68 0.008 
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Table 6: Model set for Sprague's pipit detection and abundance in 100, 9 ha plots in Phillips County, Montana during summers of 2017 and 2018. 
Detection K AICc ΔAICc AICcWt 
 Observer 3 497.57 0 0.38 
 Observer + Temp 4 498.06 0.49 0.30 
 Observer + Temp + Cloud Cover 5 498.89 1.32 0.20 
 Observer + Temp + Cloud Cover + Precip 6 501.03 3.46 0.068 
 Null 2 502.45 4.87 0.033 
 Observer + Temp + Cloud Cover + Precip + Wind 7 503.71 6.14 0.018 
Abundance    
 Biomass + Biomass2 5 485.10 0 0.33 
 Biomass + Biomass2 + Residual Cover 6 485.68 0.58 0.24 
 Biomass + Biomass2 + Forb Cover 6 486.26 1.16 0.18 
 Biomass + Biomass2 + Shrub Cover 6 487.32 2.22 0.11 
 Biomass + Biomass2 + Litter Cover 6 487.44 2.34 0.10 
 Biomass + Biomass2 + Forb Cover + Litter Cover + Shrub Cover 8 490.18 5.08 0.03 
 Biomass + Biomass2 + Forb Cover + Litter Cover + Shrub Cover Residual Cover 9 492.15 7.05 0.01 
 Null 3 497.57 12.47 < 0.001 
 Forb Cover 4 498.48 13.38 < 0.001 
 Litter Cover 4 499.51 14.41 < 0.001 
 Residual Cover 4 499.56 14.46 < 0.001 
 Shrub Cover 4 499.91 14.81 < 0.001 
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Table 7: Hypothesized associations between chestnut-collared longspur nest detection, abundance, and daily survival rate in Phillips 
County, Montana, during 2017–2018. Minus (-) and plus (+) symbols represent hypothesized negative and positive effects, 
respectively.  

Parameter Parameters References/explanation 
Detection 

 
 

Varies with time + date (Giovanni et al. 2011, Kirkham and 
Davis 2013)  

Temperature (-) wind(-) shrub cover(-) Birds less likely to be on nest when 
it is hot  

Wind(-) Birds less likely to flush off nest in 
high wind  

Shrub cover(-) Difficult to drag rope through dense 
shrubs  

Biomass (-) Difficult to see nests in dense 
vegetation 

Abundance 
 

 
Bare ground cover (+) Residual grass cover(-) biomass(-), forb cover(+) (Bleho et al. 2015)  
Shrub Cover(-) (Lipsey and Dreitz 2014) 

 Slope (+ or -) (Frey et al. 2008) 
Daily Survival Rate 

  
 

Exotic cover(-) (Lloyd and Martin 2005, Davis et al. 
2016)  

Biomass (+), residual grass cover (+) (Kerns et al. 2010)  
Shrub cover (+) (Lipsey and Dreitz 2014) 
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Table 8: AICC Model Selection Table for Nest Detection Probability and Abundance of chestnut-collared longspurs from 272 rope drag surveys 
of 100 9-ha plots in Phillips County, MT during the summers of 2017 and 2018. 
     
Detection K AICc ΔAICc AICcWt 
 Shrub Cover + Biomass + Temp 5 670.91 0 0.47 
 Shrub Cover + Biomass 4 671.26 0.35 0.39 
 Shrub Cover + Biomass + Temp + Date 6 673.44 2.53 0.13 
 Shrub Cover + Biomass + Slope + Date + Time + Temp + Cloud Cover + Wind 10 679.41 8.5 0.01 
 Biomass 3 687.91 17.01 < 0.001 
 Shrub Cover 3 708.07 37.16 < 0.001 
 Cloud Cover 3 721.24 50.33 < 0.001 
 Temp 3 721.69 50.79 < 0.001 
 Null 2 721.7 50.79 < 0.001 
Abundance     
 Biomass + Slope 6 667.78 0 0.28 
 Biomass 5 668.67 0.89 0.18 
 Biomass + Litter Cover 6 670.00 2.22 0.09 
 Slope 5 670.32 2.54 0.08 
 Biomass + Shrub Cover 6 670.48 2.70 0.07 
 Biomass + Resid Cover 6 670.92 3.15 0.06 
 Biomass + Forb Cover 6 670.94 3.17 0.06 
 Null 4 671.26 3.48 0.05 
 Litter Cover 5 671.85 4.08 0.04 
 Resid Cover 5 673.14 5.36 0.02 
 Biomass + Litter Cover + Resid Cover + Forb Cover 7 673.36 5.58 0.02 
 Shrub Cover 5 673.38 5.61 0.02 
 General 10 673.67 5.90 0.01 
 Litter Cover + Shrub Cover 6 674.10 6.33 0.01 
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Table 9: AICc Model Selection Table for Daily Survival Rate of 263 chestnut-collared longspur nests in 100 9-ha plots in Phillips 
County, MT, during the summers of 2017 and 2018.  

K AICc ΔAICc AICc Wt 
Forb Cover 2 929.16 0 0.16 
Year 2 929.29 0.13 0.15 
Forb Cover + Year 3 929.35 0.18 0.14 
Null 1 930.08 0.91 0.10 
Year + Litter Cover 3 930.42 1.26 0.08 
Year + Biomass 3 930.59 1.42 0.08 
Year + Residual Grass Cover 3 931.28 2.11 0.06 
Year + Shrub Cover 3 931.30 2.13 0.05 
Biomass 2 931.75 2.59 0.04 
Residual Grass Cover 2 932.02 2.85 0.04 
Shrub Cover 2 932.04 2.88 0.04 
Litter Cover 2 932.07 2.91 0.04 
Biomass + Residual Grass Cover 3 933.74 4.58 0.02 
Year + Biomass + Residual Grass Cover + Forb Cover + Shrub Cover + Litter Cover + Slope 8 937.40 8.24 0.003 
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 Figure 1. Study plots on Bureau of Land Management (BLM), National Wildlife Refuge (NWR), and State Trust (ST) land in Phillips 
County, Montana. Inserts show a closeup of some plots in the northern and southern parts of the county. 
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Figure 2. Correlation matrix for 15 habitat covariates measured at 100 9 ha study plots in Phillips county Montana, during the 
summers of 2017 and 2018. Plots beneath the diagonal show scatterplots for paired covariates, above the diagonal shows the Pearson’s 
correlation coefficient for that pair. 
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Figure 3. Relative effect of observer on detection for three species, chestnut-collared longspur (CCLO), Baird’s sparrow (BAIS), and 
Sprague’s pipit (SPPI) from 300 point counts conducted at 100 locations across Phillips county Montana in the summers of 2017 and 
2018. Horizontal line represents average detection probability for all observers for that species. 



27 
 

 

 
Figure 4. Scaled effect size for covariates with 95% confidence intervals from most supported models on abundance of Baird’s 
sparrow (BAIS), chestnut-collared longspur (CCLO), McCown’s longspur (MCLO), and Sprague’s pipit (SPPI) in 100 9-ha plots in 
Phillips county Montana during the summers of 2017 and 2018. 
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Figure 5. Predicted abundance of Baird’s sparrow as a function of the percent of litter and residual grass cover at the plot scale in 100 
9-ha plots in Phillips County, Montana during 2017–2018. Shaded regions represent 95% confidence intervals. 
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Figure 6. Predicted abundance of chestnut-collared longspur adults as a function of plot averaged biomass and coverage of residual 
grass and shrubs shaded regions in Phillips County, Montana during 2017–2018 represent 95% confidence intervals.
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Figure 7. Predicted abundance of McCown’s longspurs as a function of plot scale shrub cover in 
Phillips County, Montana during 2017–2018. Shaded regions represent 95% confidence 
intervals. 
 

 
Figure 8. Predicted abundance of Sprague’s pipits as a function of plot scale biomass in Phillips 
County, Montana during 2017–2018. Shaded regions represent 95% confidence intervals. 
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Figure 9. Estimated effect sizes with 95% confidence intervals from plot scale covariates on 
density of chestnut-collared longspur nests in 100 9-ha plots in Phillips County, MT in the 
summers of 2017 and 2018. 
 

  
 
Figure 10. Predicted effect of plot-scale biomass on the number of chestnut-collared longspur 
nests in Phillips County, Montana during 2017–2018. Shaded areas represent 95% confidence 
intervals. 
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Figure 11. Estimated effect sizes from covariates measured at the nest site on daily survival of 
263 chestnut-collared longspur nests in 100 9-ha plots in Phillips County, MT, during the 
summers of 2017 and 2018. 


