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ABSTRACT

Many wildlife species, like Northern Bobwhite (Colinus virginianus), are reliant on periodic environmental disturbance to
maintain heterogeneity in vegetation patterns. The Northern Bobwhite is a species of conservation concern requiring
different vegetation types for nesting and brood-rearing stages, as well as for protection from predators and extreme
weather. In northeastern Colorado, there are few management options to increase disturbance, other than domestic
livestock grazing, to manage Northern Bobwhite habitat. As high-intensity short-duration grazing has shown promise
as a mode of disturbance to manage Northern Bobwhite habitat in other regions, | used a randomized block design to
test the effect of spring high-intensity short-duration grazing on Northern Bobwhites and their habitat in northeastern
Colorado from 2016 to 2019. Specifically, | monitored Northern Bobwhite nest and brood survival and habitat selec-
tion in relation to grazing treatments over 3 years. | found that grazing had no effect on nest or brood survival or brood
habitat selection, but Northern Bobwhites selected against grazed plots for nesting. Nest survival was negatively influ-
enced by percent litter around the nest, and Northern Bobwhites selected nest sites with more grass cover and less bare
ground. Broods selected habitat with less bare ground and more woody vegetation. Grazing affected vegetation imme-
diately after grazing, but these effects weakened or disappeared by the end of the growing season. One exception to this
overall pattern was forbs, which tended to be more abundant on grazed plots throughout the growing season. Overall,
| found neutral effects of grazing on Northern Bobwhite nest and brood survival and habitat selection and neutral to
positive benefits to the vegetation. Spring high-intensity short-duration grazing does not appear to be an effective tool
to manage Northern Bobwhite nest or brood habitat in northeastern Colorado.

Keywords: Bayesian, breeding ecology, brood success, Colinus virginianus, disturbance, grazing, habitat selection,
nest success

LAY SUMMARY

+ Northern Bobwhite populations have experienced range-wide declines and in Colorado, it was thought that declines
were due to lack of vegetation disturbance.

« | tested whether grazing with a high cattle density for a short period in the spring could improve Northern Bobwhite
habitat. The primary focus was on improving foraging and brood-rearing habitat by creating more bare ground and
forb coverage.

« Grazing had no influence on brood habitat selection, brood survival, or nest survival; however, Northern Bobwhites
selected ungrazed areas for nesting.

+ Vegetation was substantially impacted directly after spring grazing, but by the end of the growing season, there was
little to no difference in vegetation measurements between grazed and ungrazed areas.

« Overall, spring high-intensity short-duration grazing does not appear to be an effective habitat management
strategy for Northern Bobwhites in northeastern Colorado because it did not result in any positive response of broods
and grazed areas were avoided for nests.

El pastoreo de alta intensidad y corta duraciéon durante la primavera no es una herramienta de manejo de
habitat efectiva para Colinus virginianus en Colorado

RESUMEN

Muchas especies de vida silvestre, como Colinus virginianus, son dependientes de disturbios ambientales para
mantener la heterogeneidad en los patrones de vegetacién. C. virginianus es una especie de preocupacién para
la conservacion que requiere diferentes tipos de vegetacién para las etapas de anidacién y cria de la nidada, asi
como para protegerse de los depredadores y del clima extremo. En el noreste de Colorado hay unas pocas opciones
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de manejo para aumentar el disturbio, mas alld del pastoreo por el ganado doméstico, para manejar el habitat de
C.virginianus. Asi como el pastoreo de alta intensidad y corta duracién se ha mostrado prometedor como un modo
de disturbio para manejar el habitat de C. virginianus en otras regiones, usé un disefio en bloque aleatorizado para
evaluar el efecto del pastoreo de primavera de alta intensidad y corta duracién sobre C. virginianus y su habitat en
el noreste de Colorado desde 2016 hasta 2019. Especificamente, monitoreé la supervivencia del nido y de las crias
y la seleccion de hébitat en relaciéon al tratamiento de pastoreo a lo largo de 3 afios. Encontré que el pastoreo no
tuvo un efecto sobre la supervivencia del nido y de las crias o sobre la selecciéon de habitat de las crias, pero que
C. virginianus evit6 parcelas pastoreadas para anidar. La supervivencia del nido estuvo negativamente influenciada
por el porcentaje de hojarasca alrededor del nido, y C. virginianus seleccioné sitios de anidacién con més cobertura
de pastos y menos suelo desnudo. Las crias seleccionaron hébitat con menos suelo desnudo y més vegetacién
lefosa. El pastoreo afectd la vegetacién inmediatamente después del pastoreo, pero estos efectos se debilitaron o
desaparecieron hacia fines de la estacién de crecimiento. Una excepcién a este patrén general fueron las forbias,
que tendieron a ser mas abundantes en las parcelas pastoreadas a lo largo de la estacion de crecimiento. En general,
encontré efectos neutros del pastoreo sobre la supervivencia del nido y de las crias y sobre la selecciéon de habitat
de C. virginianus, y beneficios neutros a positivos para la vegetacion. El pastoreo de primavera de alta intensidad y
corta duracién no parece ser una herramienta de manejo efectiva del habitat del nido o de las crias de C. virginianus
en el noreste de Colorado.

Palabras clave: Bayesiano, Colinus virginianus, disturbio, ecologia de la cria, éxito del nido, pastoreo, seleccién de

habitat
INTRODUCTION

Widespread suppression of natural disturbances from
wildfire, flooding, and grazing by native herbivores has re-
duced vegetation heterogeneity in many prairie ecosystems
(Knapp et al. 1999, Fuhlendorf et al. 2017). Vegetation het-
erogeneity is essential, however, for meeting the different
requirements of various activities and life-stages for many
wildlife species (Kie et al. 2002, Hagen et al. 2004, Brennan
and Kuvlesky 2005). Without periodic disturbance, grasses
or other vegetation may become too dense with little
bare ground (McCoy et al. 2001), precluding use by cer-
tain species of wildlife such as the Northern Bobwhite
(Colinus virginianus; hereafter bobwhite; Klimstra and
Ziccardi 1963, Hammerquist-Wilson and Crawford 1981).
Therefore, managers periodically disturb vegetation to
maintain the availability of different seral stages through
methods like burning, disking, mowing, or grazing.
Domestic livestock grazing, primarily by cattle, is one
of the most common land-use practices in western North
America (Fleischner 1994, Bigelow and Borchers 2017);
and controlled grazing in which pastures are grazed and
then allowed to rest can be a valuable tool to increase
habitat heterogeneity for bobwhites (Holechek et al. 1982).
In contrast, unmanaged continuous grazing in which pas-
tures are grazed constantly with no rest at stocking rates
that are too high for vegetation recovery has caused sub-
stantial grassland degradation throughout western North
America (Fleischner 1994). Controlled grazing may be the
only viable option to create disturbance in areas where
the terrain (e.g., steep slopes, soft soils, and obstructions
like standing trees and deadfall) does not permit access by
machinery or restrictions preclude the use of prescribed
fire (Quinn-Davidson and Varner 2012). One form of con-
trolled grazing, high-intensity short-duration grazing,

is a system in which pastures are grazed at high stocking
rates for short periods (e.g., 5 days grazed followed by 7
weeks ungrazed; Holechek 1983). This system has been
shown to have positive effects on bobwhites and their
habitat (Hammerquist-Wilson and Crawford 1981, Schulz
and Guthery 1988, Wilkins and Swank 1992). High cattle
densities for short periods of time can increase water infil-
tration of the soil due to hoof action, reduce forage select-
ivity of cattle, improve leaf area index, and support a more
even effect of grazing within each pasture (Holechek 1983),
which likely contributed to the reported positive effects on
bobwhite habitat.

Bobwhite populations have declined across the ma-
jority of their range, due primarily to the loss or con-
version of suitable habitat (Brennan 1991, Brennan and
Kuvlesky 2005, Hernandez et al. 2013, Sauer et al. 2017).
Bobwhites require a diversity of vegetation types to sat-
isfy the needs of various life-stages: areas with woody
cover for resting and protection from predators and
harsh weather, areas with forbs and bare ground for
feeding and brood-rearing, and areas with grass for
nesting (Snyder 1978, Taylor et al. 1999, Perkins et al.
2014). Compared with less intense grazing systems,
high-intensity short-duration grazing creates more bare
ground and less dense grass (Hammerquist-Wilson and
Crawford 1981), which may improve bobwhite foraging
and brooding habitat (Taylor et al. 1999). Alternatively,
Lusk et al. (2001) predicted that bobwhite counts would
decrease as cattle density increased, but their model did
not consider grazing duration nor did it focus specifically
on foraging or brooding habitat. Although high-intensity
short-duration grazing has shown promise in areas like
south Texas (Hammerquist-Wilson and Crawford 1981,
Schulz and Guthery 1988, Wilkins and Swank 1992),
these results should be applied cautiously or tested in
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regions that differ in climate, growing season, soil condi-
tions, and other factors that may affect plant response to
grazing (Spears et al. 1993).

Colorado lies at the northwestern edge of the bob-
white range (Brennan et al. 2020). In northeast Colorado,
bobwhites are generally limited to river-bottom riparian
areas where there is sufficient woody cover (Snyder 1978).
Bobwhites are a popular gamebird and during the 2012-
2013 hunting season; for example, ~965 hunters harvested
5,212 birds in Colorado (Colorado Parks and Wildlife
2013). Due to bobwhites’ restricted range in Colorado and
a goal of maintaining or increasing huntable populations,
managers wish to conduct habitat management that will
facilitate population sustainability or growth and range ex-
pansion. Little information exists on optimal habitat man-
agement strategies for bobwhites in river-bottom riparian
areas such as those found in northeastern Colorado, and
most of it is focused on habitat management during winter
(Snyder 1978) rather than during the nesting or brood-
rearing seasons.

Given the knowledge gap regarding habitat manage-
ment strategies in the forested riparian area that bobwhites
occupy in northeastern Colorado, and limitations associ-
ated with other methods of disturbance in this area (steep
slopes, soft soils, and obstructions like standing trees
and deadfall), I assessed whether high-intensity short-
duration grazing could be used as a mode of disturbance
to improve breeding habitat. I monitored bobwhite nest
and brood survival and habitat selection as well as vege-
tation characteristics in relation to grazing treatments on
a large state wildlife area in northeastern Colorado from
2016 to 2019. My specific objectives were to (1) estimate
nest survival and nest-site selection in relation to vege-
tation characteristics and grazing treatment, (2) assess
brood survival and brood habitat selection in relation
to vegetation characteristics and grazing treatment, and
(3) assess the vegetation response to grazing treatments.
When I initiated this study, there had been no grazing on
the area for the last ~20 years and the vegetation was tall
and dense. Tall and dense vegetation may provide suitable
nesting habitat (Taylor et al. 1999, Rader et al. 2007), but
is not consistent with known brood-rearing habitat pref-
erences for areas with abundant forbs and bare ground
(Taylor et al. 1999). Therefore, I predicted that brood-
rearing habitat was limiting and thus, bobwhites would
select grazed plots for brood-rearing but not for nesting,
and that grazing would positively influence brood sur-
vival but not nest survival. Furthermore, I predicted that
vegetation in grazed plots would be substantially different
(shorter, less dense, less percent cover of vegetation) than
control plots immediately after grazing but that over the
course of the growing season the vegetation would be-
come more similar.
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METHODS

Study Area

I conducted this study in northeastern Colorado, USA
at Tamarack State Wildlife Area (hereafter, Tamarack;
40.8385°N, —102.8053°W) in Logan County from February
to September, 2016—-2019. Tamarack encompasses 4,775
ha along a 20-km stretch of the South Platte River and is
composed of river-bottom riparian forest near the river
and grassland/sandhill habitat further away from the river.
Bobwhites were generally restricted to the river-bottom ri-
parian area, which consists primarily of plains cottonwood
trees (Populus deltoides) with understory of sandbar willow
(Salix exigua), common reed (Phragmites australis), and
western snowberry (Symphoricarpos occidentalis), inter-
mixed with areas of grasses and forbs including western
wheatgrass (Pascopyrum smithii), downy brome (Bromus
tectorum), smooth brome (Bromus inermis), Japanese
brome (Bromus japonicas), common ragweed (Ambrosia
artemisiifolia), thistle (Cirsium spp.), and marestail
(Erigeron canadensis).

The elevation of the study area averaged 1,135
m. Historical mean annual precipitation was 42 cm; and
during my study annual precipitation was 39, 39, 47, and
48 cm in 2016, 2017, 2018, and 2019, respectively. Daily
maximum temperature from April through September
averaged 28°C and daily minimum temperature aver-
aged 9°C (Colorado Climate Center, https://climate.
colostate.edu/general.html). Public hunting is permitted
on Tamarack during various small and large game seasons
from September to May and the area is divided into 0.4
km (~32 ha each) hunting units along the river, which were
used in this study as the experimental units.

Experimental Design

To evaluate the effects of grazing, I used a randomized
block design in which individual plots were grazed within
each block. I refer to the hunting units on Tamarack as
“plots” and grouped 4 together into each of 7 “blocks”
(Figure 1). Within each block, I randomly assigned each
plot to be grazed during year 1 (2017), 2 (2018), 3 (2019),
or serve as an ungrazed control. Control plots remained
the same throughout the study and each grazed plot was
only grazed during the 1 year it was randomly selected for
treatment. I worked with managers to establish and main-
tain one or more beef cattle herds in spring of 2017-2019.
Cattle in this experiment were used specifically as a tool
to manage vegetation with the goal of improving bobwhite
habitat, not as a system for beef production. In 2017 and
2018, I used 660 and 630 cattle, respectively, and left them
inaplot between 3 and 10 days, depending on the size of the
plot, from February 7 to April 10. In 2019, I used 200 cattle
and ran them through each grazed plot for 3—15 days from
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e South Platte River L \

Tamarack SWA boundary

FIGURE 1. Study area map for Tamarack State Wildlife Area
in northeastern Colorado where | studied Northern Bobwhite
breeding ecology in relation to grazing during 2016-2019.
Grazing treatment plots are the numbered polygons (1-3) and
blocks are the groups of similarly colored plots (n = 7 blocks). Plot
numbers represent the year of the study that the plot was grazed
and zeros indicate control plots.

March 18 through April 15 and then again for 4-17 days
from April 9 through June 14. Plots varied in size (6—42 ha)
resulting in variable cattle densities that ranged from 4.9 to
106 cattle ha™' (0.2—0.01 ha cattle™). Cattle were 1-2 years
old (animal unit [AU] equivalent = 0.7, U.S. Department
of Agriculture [USDA] 2003), which equates to stocking
rates of 0.29-0.01 ha AU I acknowledge there was un-
desired variability in grazing intensity among plots and
years, but attempted to account for this by using a grazing
intensity metric ([number of cattle x days grazed]/area of
plot) in analyses. Logistical constraints limited how many
cattle I had access to each year and the size of grazing plots.
I tried to achieve a similar grazing effect among the plots
and years by balancing the size of the plot and the size of
the herd with the duration cattle were in plots. I quanti-
fied forage utilization in grazed plots in 2019 using the
Landscape Appearance Method outlined in Interagency
Technical Reference (1999). This method uses visual es-
timates at a series of points where forage utilization is
categorized based on 7 classes describing the degree of
utilization: 0-5%, 6-20%, 21-40%, 41-60%, 61-80%,
81-94%, and 95—100%. Based on at least 20 random ob-
servations taken in the field in each grazed plot within 1
week after grazing ended, mean forage utilization was 63%
(range: 39-85).

Vegetation at Tamarack was dense when I initiated
the study, with a large component of exotic cool-season
grasses, which are not known to represent quality bobwhite

A. C.Behney

habitat. The goal of the grazing treatments was to improve
or create foraging and brood-rearing habitat by reducing
overall vegetation density, creating more bare ground, re-
ducing exotic cool-season grass coverage, and increasing
forb coverage. Spring grazing has been reported to reduce
the cover of cool-season grasses and facilitate the expan-
sion of warm-season bunchgrass and forbs (Vallentine and
Stevens 1994). I did not test a full growing-season grazing
treatment because I did not want to risk nest trampling or
abandonment (Sharps et al. 2017).

Field Methods

Bobwhite capture. From February through early May,
I captured bobwhites using baited walk-in traps (Smith
etal. 1981). I placed traps throughout Tamarack to attempt
to capture a spatially representative sample and checked
traps twice daily (mid-morning and at sunset). I used cloth
mesh material (Hex mesh, Joanne Fabric) for the trap top
to reduce injury to captured quail (Stoddard 1931, Snyder
1978, Wiley et al. 2012) and scraped away litter underneath
traps and covered traps with woody and herbaceous debris
(Behney et al. 2020). All captured bobwhites were weighed
and received a numbered, aluminum leg band (National
Band & Tag Company, Newport, Kentucky, USA). On
all females and some males, I affixed a <6.5 g necklace-
style VHF radio transmitter (Burger et al. 1995, DeMaso
et al. 1997, 3.8% of average female mass [170 g], Nelson
and Martin 1953). I did not deploy transmitters on bob-
whites weighing less than 130 g because it would result
in the transmitter weighing >5% of female mass. Terhune
et al. (2007) concluded that 6-g necklace-style transmit-
ters affixed on bobwhites weighing =132 g had no effect
on survival.

Nest and brood monitoring. I monitored bobwhite
nests and broods in summers of 2016—2019. I located each
radio-tagged bobwhite >3 times a week using a homing
technique (White and Garrott 1990). Observers walked to-
ward the bird and when they approached it, they circled
it at ~30 m to pinpoint the bird’s location. Personnel esti-
mated the location based on the compass bearing and dis-
tance to the bird using a rangefinder from the observer’s
location. Every attempt was made to avoid flushing birds.
Nest sites were determined by observing bobwhites in
the same location on multiple, subsequent days. I con-
tinued to locate birds >3 times a week and when a bird
was off its nest, I went to the nest location, checked its
status, counted eggs, and recorded an exact location with
a handheld global positioning system. If no opportunities
were available to visit the nest while the incubating bird
was absent, I flushed the bird during the last week of incu-
bation to get an exact location and count eggs. I continued
to monitor nests until success or failure. Observers ap-
proached nest sites circuitously from different routes each
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visit to avoid creating a path for predators to follow directly
to the nest site. For bobwhites with a brood, I used homing
to estimate a location >3 times a week without flushing the
birds. I flushed the brood at 14-day post-hatch and weekly
thereafter (DeMaso et al. 1997) to count chicks to estimate
brood survival to 30 days. I considered broods to be ac-
tive if >1 chick was present, and classified broods as suc-
cessful if =1 chick survived to 30 days. When no brood was
observed, I always proceeded with the next weekly brood
flush to confirm brood loss. Estimating survival of young
from flush counts can lead to biased results (Orange et al.
2016); however, because I estimated overall brood survival
rather than individual chick survival and repeated counts
after no chicks were detected, bias should be minimal in
this study.

Vegetation sampling. [ sampled vegetation at nest sites
(2016-2019), brood flush sites (2017-2019), and random
points associated with each type of used location. Within
3 days of nest completion, or of anticipated nest completion
for depredated nests (Gibson et al. 2016a, McConnell et al.
2017), I sampled vegetation at nest sites and 4 associated
random sites <200 m away (i.e., within the distance bob-
whites typically move in a day; Liu et al. 2002). Similarly,
I sampled vegetation at each brood flush site and 4 associ-
ated random points <100 m away (i.e., within the distance
broods typically move in a day; Taylor and Guthery 1994).
At each nest, brood site, or random point, I recorded the
percent coverage of bare ground, litter, and each species of
vegetation within a 1-m? sampling frame. I also recorded
the lowest 5-cm section visible on a 2.5-cm diameter pole,
read from 4 m in 4 directions, 90° apart, from 1 m above
the ground (Robel et al. 1970).

To quantify the effects of grazing on vegetation, I sam-
pled vegetation using the same measurements described
above, at 5 random points within each grazed or con-
trol plot, in spring (directly after grazing; April-May),
mid-summer (June—July), and late summer (August—
September), 2017-2019. I chose these dates to compare
initial, pre-growing season effects of grazing with those
toward the middle and end of the growing season to de-
termine the duration of grazing effects on vegetation.
These points were not associated with bird locations but
were meant to represent general vegetation characteristics
within each grazed or control plot.

Statistical Analyses

I used hierarchical models in a Bayesian framework for
all analyses. I fit models using JAGS 4.3.0 (Plummer 2017)
through the rjags package (Plummer 2019) in R (R Core
Team 2020). I used vague priors. For models with a logit
link function, I assigned coefficients normal (mean = 0,
SD = 1.4) priors to approximate a uniform (min = 0,
max = 1) prior on the probability scale (Northrup and
Gerber 2018). For coefficients in models without a logit
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link function, I used normal (0, 100) priors. I assigned
standard deviations uniform (0, 10) prior distributions.
I fit 3 chains for at least 35,000 iterations following 10,000
iterations for burn-in. I assessed convergence by visually
examining trace plots as well as with Gelman and Rubin’s
convergence diagnostic in the R package CODA (Plummer
et al. 2006) to ensure it was close to one for all parameters.

Nest and brood survival. I used the hierarchical model
described by Schmidt et al. (2010) to estimate daily sur-
vival probabilities and assess factors that influence sur-
vival of nests and broods. I considered nests and broods
successful if at least 1 egg hatched or 1 chick survived to
30 days. I modeled whether nest or brood i was observed
alive (y = 1) or dead (y = 0) on day ¢ as a series of Bernoulli
trials where ¢ is the probability of individual i being alive
at time ¢ given it was alive at time ¢ — 1. The model took
the form:

0 foryy—1 =0
Yit ™\ Bernoulli (¢i) for yis—1 =1 )

¢ = logit™ (a0 + ag + BiXi + B:X;)

where a, was the intercept, a,, was a random effect to
account for multiple nests or brood observations from the
same bird g (Q = 79), B,X,, was a vector of coefficients and
time-varying covariates (date and nest age), and B, X, was a
vector of coefficients and covariates that vary among nests
or broods (grazing treatment, year, sex of incubating adult,
vegetation characteristics). I standardized all continuous
covariates by subtracting the mean and dividing by the
standard deviation so that their coefficient values would
be directly comparable estimates of effect sizes. I calcu-
lated period survival (nest success = 23 days, brood suc-
cess = 30 days) as a derived parameter in the model which
also estimates variability associated with period survival.

To assess the importance of predictor variables, I used
a multi-stage modeling strategy. Each stage contained
different amounts of multicollinearity so I used different
model/variable selection techniques for different stages.
For nest survival, I first found the most supported form of
the grazing effect. I tested 6 forms of the grazing effect:
grazing treatment with 4 levels (grazed current year,
grazed 1 year ago, grazed 2 years ago, ungrazed), 3 levels
(grazed current year, grazed any previous year, ungrazed),
2 levels (grazed current year, not grazed current year), and
the grazing intensity metric ([cattle x days] ha™, a con-
tinuous variable) interacting with each form of the grazing
treatment variable. The different forms of the grazing effect
were essentially representing the same thing, so to avoid
collinearity, I did not include multiple forms of the grazing
variables in the same model. I fit 7 models including a null
model and 6 others, each including a different form of the
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grazing effect. I only included the grazing intensity metric
in interactive relationships with the grazed factor variables
to allow the grazing intensity effect to be different between
plots that were grazed and those that may not have been
grazed yet in the study. I compared these models using
Deviance Information Criteria (DIC). I then used the most
supported form of the grazing variable (or null model if it
was best) in a model also including date, nest age, and sex
of the incubating bird. These variables were not correlated,
so I included them in an additive relationship in the same
model and advanced variables to the final modeling stage
based on whether their coefficient’s 90% credible interval
excluded 0. I did not include any vegetation variables up
to this point because if grazing treatment had an effect
on survival, it would most likely be because of effects on
vegetation, and therefore, grazing treatment would be con-
founded with the vegetation variables.

In the final stage of modeling, I included the vegetation
characteristics as well as any variables other than grazing
treatment that were important in previous modeling
stages. The vegetation variables included percent litter,
warm-season grass, total grass, bare ground, forb, and
woody vegetation, as well as the height of the tallest
vegetation in the sample frame and the visual obstruc-
tion reading. Percent cool-season grass was correlated
with percent total grass (r = 0.88) so I only used percent
total grass for modeling. Other vegetation variables were
not correlated (r < 0.5) so I included all these vegetation
variables in a single model and present posterior means
and 90% credible intervals for each variable’s coeffi-
cient. [ also fit a second model with vegetation variables
as quadratic effects. I considered variables important
predictors of nest survival if their coefficient’s credible
interval excluded 0.

For brood survival, I fit similar models as described for
nest survival. Because broods moved among plots, I used
the percentage of brood locations in grazed plots to test
for grazing effects. Similar to nest survival, I tested dif-
ferent forms of the grazing treatment variable: percentage
of locations in plots grazed that year, grazed that year or
the previous year, or grazed any year. I compared these
grazing treatment models and a null model using DIC.
To the most supported model from stage 1, I added date
and brood age in a single model and considered them im-
portant variables if their coefficient’s 90% credible interval
excluded 0.

I assessed model fit using posterior predictive checks
with Bayesian P-values as described in Schmidt et al
(2010). The Bayesian P-value was the percentage of iter-
ations for which the observed data fit metric described in
Schmidt et al. (2010) exceeded that of data simulated from
the fitted model, where extreme values near 0 or 1 indicate
poor fit.

A. C.Behney

Nest and brood site selection. I assessed nest and
brood site selection at 2 spatial scales. Each point was la-
beled 1 if it was chosen as a nest or brood location and
0 if it was a random point representing available habitat.
I modeled this binary variable as a Bernoulli distributed
response variable as a function of vegetation and grazing
treatment covariates. Available points were conditional on
specific used locations, so I included a nest or brood point
identifier as a random effect to group the available points
with the nest or brood point from which they were gener-
ated (Gillies et al. 2006).

For the fine-scale analysis of nest and brood site selec-
tion, I used the 4 random points surrounding nest (<200
m) and brood (<100 m) used locations at which vegetation
samples were taken to represent available habitat. I first
found the most supported form of the grazing variable
using the same methods outlined for the survival analysis
with the 7 models including a null model and 6 others each
representing a different form of the grazing effect (see sur-
vival section above for description of models). I was also
interested in vegetation characteristics’ effect on habitat
selection, so in a second stage, I included all vegetation
variables in a single model and considered variables im-
portant in predicting site selection if their coefficient’s 90%
credible interval excluded 0. I also tested for quadratic ef-
fects of vegetation variables by including all variables as
quadratic effects together in a model. I concluded that a
quadratic effect of a vegetation variable was an important
predictor of habitat selection if the coefficient’s 90% cred-
ible interval excluded 0. I did not use model selection in
this second stage because other than percent cool-season
grass and percent total grass (r = 0.92), variables were not
correlated (r < 0.5) so I could include them all in the same
model. I did not use percent cool-season grass in modeling
to avoid collinearity.

For the larger-scale analysis of nest and brood site selec-
tion, I buffered locations leading up to the nest or brood
flush location (Arthur et al. 1996, Johnson et al. 2006, Dyson
et al. 2018). For nests, I buffered each location from 1 April
through nest initiation by the distance moved to get to the
location and then merged those buffers together to repre-
sentavailable habitat associated with each nest. Specifically,
I buffered used location ¢ by the distance moved from lo-
cation ¢ — 1 to ¢. I generated 20 random points within each
nest’s available habitat and classified each point based on
whether they were in plots grazed that year, grazed pre-
vious year, grazed 2 years prior, or ungrazed. For brood lo-
cations, I used a similar method in which I buffered each
point from hatch to the brood flush event by the distance
moved to get to each location. I generated 20 random
points within these buffers and classified them regarding
grazing treatment. For this larger-scale brood and nest-site
selection analysis, I used the same models described above
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for the fine-scale site selection analysis but because I did
not sample vegetation in the field at this larger scale, I only
used grazing treatment and grazing intensity as predictors
in addition to year. I fit the same 7 models outlined in the
survival analysis including a null model and 6 others, each
including a form of the grazing effect. I compared models
using DIC and assessed overall model fit using deviance as
the test statistic (Smith et al. 2018) with Bayesian P-values.

For both the fine-scale and larger-scale habitat selection
analyses, I assessed the sensitivity of the model param-
eters to the number of available points generated per nest
or brood by running the model with 1 through 20 avail-
able points per location for the larger-scale analysis and 1
through 4 available points per location for the fine-scale
analysis. I visually examined plots of parameter values vs.
the number of available points to assess whether the curves
had stabilized regarding the number of available points.

Vegetation response to grazing. I modeled maximum
vegetation height, visual obstruction, percent bare ground,
percent forbs, percent warm-season grasses, percent cool-
season grasses, and percent woody vegetation separately
using similar models but with different distributions (de-
scribed below) that were appropriate for each data type.
I included point nested within plot and plot nested within
block as random effects in all models to account for the
lack of independence of repeated measurements at the
same point within plots, within blocks. I represented the
nested structure by including the effect of block j as the
prior mean for plot k within block j and I included the
effect of plot k as the prior mean for the effect of point /
within plot k:

a; ~ normal (O,JbIOCk) (2)
ax ~ normal (a,«[k],gplot)

a; ~ normal (a, oP™)

I included year, sampling occasion, and treatment as fixed
effects. To represent my prediction that grazed plots would
be substantially different than control plots immediately
after grazing but over the course of the growing season
becomes more similar, I included an interaction between
sampling occasion and grazing treatment or grazing in-
tensity. If the grazing effect did not change through the
growing season, a model including an additive relation-
ship between occasion and treatment should outperform
the interaction model. I also fit a null model, and models
only including treatment or occasion. I compared models
using DIC and assessing whether 90% credible intervals
for coefficients overlapped 0. For each model including
a treatment effect, I fit models including treatment with
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4 levels (grazed that year, grazed previous year, grazed
2 years ago, control), 3 levels (grazed that year, grazed any
previous year, control), and 2 levels (grazed that year, not
grazed that year). For each vegetation data type, I present
the model structure below.

Maximum vegetation height was a positive-only vari-
able, therefore I used a lognormal distribution:

log (thighti) ~ normal (,ui, oheight) (3)

pi = ao + ai) + BX;

where y" is observation i of vegetation height, o"&" is
the model standard deviation, a, is the overall intercept,
a,, is the nested random effect for point / for observation i
as shown in Equation (2), and BX is a vector of coefficients
and covariates listed above.

I used a binomial distribution for visual obstruction be-
cause a specific numbered band on the pole was observed
out of the total number of bands on the pole (30):

y"S. ~ binomial (p;, 30) (4)

pPi = lOgit_l (ﬂo + alm + BX,)

where yV‘SZ. is observation i of visual obstruction, a, is the
overall intercept, a,, is the nested random effect for point
[ for observation i as shown in Equation (2), and BX is a
vector of coefficients and covariates listed above.

For percent cover variables (bare ground, forb, warm-
season grass, cool-season grass, total grass, litter), I used
zero-and-one-inflated beta models (Ospina and Ferrari
2010). The beta distribution provides support for values be-
tween 0 and 1. Including 0 and 1 inflation allowed me to in-
clude all data, including zeros and ones, without truncating
or replacing any values (i.e., replacing 0 with 0.01). The model
has 3 parts: a Bernoulli model for discrete values (0 or 1, y4),
a beta model for continuous values (between 0 and 1, y~™),
and a Bernoulli model for the mixing parameter (¢), which is
the probability that any observation (y"%<) is discrete rather
than continuous. The data were specified separately into the
model for each of the 3 submodels. I refer to the 0 and 1 data
as y¥, the data between 0 and 1 as y°™, and the data noting
which observations were discrete vs. continuous as y"dc,
with subscripts j, k, and i representing observations within
the 3 datasets, respectively. The overall model took the form:
for y¥isc (0 or 1):

disc

y4*¢; ~ e x Bernoulli (p;) (5)

p= 10git71 (610 + aj —|—BX1')

for yt (between 0 and 1):
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A. C.Behney

TABLE 1. Summary of model selection results for grazing variables in the nest survival, fine- and large-scale nest, and brood site se-
lection analyses for Northern Bobwhites in northeastern Colorado, 2016-2019. Values indicate the rank of models and values in par-
entheses show ADIC for each analysis. Graze2 is grazing treatment with 2 levels: grazed current year, not grazed current year. Graze3
is grazing treatment with 3 levels: grazed current year, grazed any previous year, ungrazed. Graze4 is grazing treatment with 4 levels:
grazed current year, grazed 1 previous year, grazed 2 years ago, ungrazed. Int. is the grazing intensity metric: (number of cattle x days
present)/plot area. Full model selection results are shown in Supplementary Material Tables S1, S2, S4, S5, and S7.

Nest selection:

Nest selection: Brood selection: Brood selection:

Model Nest survival fine scale large scale fine scale large scale
Null 1(0) 1(0) 7 (4.1) 1(0) 1(0)

Graze3 2(0.7) 3(23) 4(2) 3(3.2) 3(1.7)
Graze2 3(2.5) 2(1.4) 1(0) 2(1.8) 2(1.6)
Int X graze2 4(2.6) 5(5.4) 2(1.4) 5(4.8) 7 (5.4)
Graze4 5(3.9) 4(3.5) 5(2.9) 4(4.2) 5(2.9)
Int X graze4 6 (4.1) 7 (8.7) 3(1.5) 7 (9.0) 6 (4.4)
Int X graze3 7(8.1) 6(7.6) 6(3.5) 6(7.9) 4(2.6)

Yo~ (1— e) xbeta (e x ®, (1— ) x P) (6)

e = 10git71 (ﬂo + ajk) + BX,)

where the 2 parameters of the beta distribution were de-
fined by p and ® (Figueroa-Zuniga et al. 2013), and ® was
a constant precision parameter, @, was the overall inter-
cept, a, was the nested random effect for sample point / as
shown in Equation (2), and BX was a vector of coefficients
and covariates listed above. I held parameters constant
between the discrete and continuous components of the
model but used different values for the mixing parameter
submodel:
for yndicte (whether a value was discrete or continuous):

indicate , Bernoulli (g;)

(7)

g — 10git71 (Co + C[M -+ TXl)

where ¢, was the overall intercept, ¢, was the nested random
effect for sample point / as shown in Equation (2), and TX
was a vector of coefficients and covariates listed above.

RESULTS

Nest Survival

I included 91 nests (74 female- and 17 male-incubated)
in the nest survival analysis. I excluded 7 additional nests
from analysis due to research-caused abandonment (re-
searchers inadvertently flushed birds during laying or
early incubation). All models converged (Gelman—Rubin
values <1.05) and posterior predictive checks indicated
adequate model fit (Bayesian P-values = 0.5-0.7). In the
first stage of modeling, which included grazing treatment
variables, the null model had the lowest DIC (Table 1,
Supplementary Material Table S1). Although the model
including grazing treatment with 3 levels appeared com-
petitive (ADIC = 0.7), credible intervals around derived

parameters calculating the difference between daily sur-
vival rate among the 3 grazing treatment levels overlapped
0 (control — grazed previous = med: 0.03, 90% CI: —0.02
to 0.16; control — grazed same year = 0.02, 90% CI: —0.03
to 0.16; grazed previous — grazed same year = —0.01, 90%
CIL: -0.13 to 0.12). Therefore, I did not consider a grazing
treatment variable in any subsequent nest survival models.
In the next modeling stage, the only model to outperform
the null model included sex (Bmale = -0.92, 90% CI: -1.6
to —0.3; Table 2). In the final stage of modeling, based on
whether coefficient credible intervals contained 0, per-
cent litter in a linear form, percent woody vegetation in a
quadratic form (Figure 2), and sex were the only important
variables. Nests with more litter around the nest, those
with moderate amounts of woody vegetation, and male-
incubated nests exhibited lower survival rates (Figure 3).
Mean daily survival rate for female-incubated nests, while
holding percent litter and woody vegetation constant at
their mean, was 0.96 (90% CI: 0.95-0.97) and for males was
0.90 (90% CI: 0.82—0.94). Overall model-predicted 23-day
nest success for female-incubated nests was 0.39 (90% CI:

TABLE 2. Model selection table for stage 2 of the survival ana-
lysis evaluating the effects of sex of incubating adult, date, and
nest age on daily survival rate of Northern Bobwhite nests in
northeastern Colorado, 2016-2019. k is the number of param-
eters that were estimated in the model and ADIC is the difference
in Deviance Information Criteria between each model and the
best model (lowest DIC).

Model k ADIC
Sex 6 0.0
Null 5 0.7
Date 6 1.8
Date + sex 7 2.1

Age + sex x date 9 6.9
Age + date 7 10.4
Age 6 13.3
Age + sex 7 15.1

Age + date + sex 8 18.9
Age X sex + date 9 22.8
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FIGURE 2. Northern Bobwhite nest survival, nest site selection, and brood site selection coefficients + 90% Cl for vegetation char-
acteristics. Gray points and bars represent quadratic effect coefficients and black points and bars represent linear effect coefficients.
I monitored nests and broods in northeastern Colorado during 2016-2019.
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FIGURE 3. Predicted daily survival rate for male (orange) and female (blue) incubated Northern Bobwhite nests as a function of per-
cent litter and woody vegetation within 1 m of the nest in northeastern Colorado, 2016-2019. Shaded areas represent 90% credible

intervals.

0.28-0.52) and for male-incubated nests was 0.08 (90% CI:
0.01-0.26).

Nest Site Selection

I included 94 nests, each with 4 associated random
points, in the nest site selection analysis. All models
converged (Gelman—Rubin values <1.05) and posterior
predictive checks indicated adequate model fit (Bayesian
P-values = 0.6-0.7). Coefficients appeared to be in-
sensitive to the number of available random points per
nest at 4 random points for the fine-scale analysis and
20 random points per nest for the larger-scale analysis
(Supplementary Material Figure S1). For the fine-scale

analysis, none of the grazing treatment variables outper-
formed the null model (Table 1, Supplementary Material
Table S2). Credible intervals for vegetation variable coef-
ficients that did not overlap 0 included a quadratic effect
of percent grass and linear effect of percent bare ground
(Figure 2). Relative probability of use was positively re-
lated to percent grass and negatively related to percent
bare ground (Figure 4, Supplementary Material Table
S3).

For the larger-scale analysis, the top model included
grazing treatment with 2 levels: grazed that year and not
grazed that year (ungrazed and plots grazed during pre-
vious years; Table 1, Supplementary Material Table S4).
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TABLE 3. Model selection table for stage 1 of the survival ana-
lysis assessing the effect of grazing treatment on brood survival in
northeastern Colorado, 2017-2019. Grazing treatment variables
were the percentage of time spent in plots grazed the same year
(Graze same), grazed the previous year (Graze prev. 1), grazed the
same year, previous year, or 2 years prior (Graze within 2), and
grazed the same year or the previous year (Graze within 1). k is
the number of parameters that were estimated in the model and
ADIC is the difference in Deviance Information Criteria between
each model and the best model (lowest DIC).

Model k ADIC
Null 4 0.0
Graze same 5 1.6
Graze prev. 1 5 1.6
Graze within 2 5 2.3
Graze within 1 5 2.7

Models including the continuous grazing intensity metric
were competitive based on DIC, but because they esti-
mated more parameters and still underperformed the
simpler model, I based inference on the top model alone.
Relative probability of use was greater in plots not grazed
in the current year (mean = 0.05, 90% CI: 0.04—0.07) than
in plots that were grazed in the current year (0.02, 90% CI:
0.01-0.04).

Brood Survival

I included 41 broods in the brood survival analysis and 19
survived to 30 days. All models converged (Gelman—Rubin
values <1.05) and posterior predictive checks indicated ad-
equate model fit (Bayesian P-values = 0.4—0.5). In the first
stage of modeling focused on grazing treatment variables,
no form of grazing treatment outperformed the null model
(Table 3). In the second stage of modeling, date (B, = 0.04,
90% CI: —0.39 to 0.28) and brood age (Bage = -0.29, 90%
CI: —0.69 to 0.12) were poor predictors of brood daily sur-
vival rate. Based on the null model (including year), daily
survival rate of broods was 0.97 (90% CI: 0.96-0.98) and
30-day brood success was 0.43 (90% CI: 0.32—0.55) pooled
across years.

Brood Site Selection

I included 90 brood locations from 35 bobwhites in
the brood site selection analysis. All models con-
verged (Gelman—Rubin values <1.05) and posterior pre-
dictive checks indicated adequate model fit (Bayesian
P-value = 0.6). Coeflicients appeared to be insensitive
to the number of available random points per brood lo-
cation at 4 random points for the fine-scale analysis and
20 random points per brood location for the larger-scale
analysis (Supplementary Material Figure S2). For the fine-
scale analysis, no forms of the grazing treatment variable
were more parsimonious than the null model (Table 1,
Supplementary Material Table S5). Credible intervals for

A. C.Behney

vegetation variable coefficients that did not overlap 0 in-
cluded linear effects of percent woody vegetation and per-
cent bare ground, and quadratic effects of percent forbs
and visual obstruction (Figure 2). Relative probability of
use was positively related to percent woody vegetation
and negatively related to percent bare ground (Figure 5,
Supplementary Material Table S6). Relative probability
of use increased with increasing percent forbs to ~20%
and then declined with further increases in forb coverage
(Figure 5). In relation to visual obstruction, use was greatest
at low and high visual obstruction (Figure 5). In the larger-
scale brood site selection analysis, no form of the grazing
treatment variable outperformed the null model (Table 1,
Supplementary Material Table S7).

Vegetation Response to Grazing
I conducted 855 vegetation samples. All models con-
verged (Gelman—Rubin values <1.05) and posterior pre-
dictive checks indicated adequate model fit (Bayesian
P-values = 0.4—0.6). Models including an interaction be-
tween sampling occasion and grazing treatment were the
most supported based on DIC for all vegetation charac-
teristics except warm-season grasses and woody vege-
tation (Supplementary Material Table S8). For tallest
vegetation and percent forbs, the most supported model
included grazing treatment with 2 levels (grazed that
year, not grazed that year) interacting with sampling oc-
casion. For percent bare ground, cool-season grass, total
grass, and litter the best model included grazing treat-
ment with 3 levels (grazed that year, grazed any previous
year, ungrazed control) interacting with sampling occa-
sion. Visual obstruction was best described by a model
including grazing treatment with all 4 levels (grazed that
year, grazed last year, grazed 2 years ago, ungrazed con-
trol) interacting with sampling occasion. For warm-season
grasses, the most supported model included grazing treat-
ment with 2 levels in an additive relationship with sam-
pling occasion. For woody vegetation, the most supported
model included only sampling occasion, but a competitive
model also included treatment with 4 levels in an additive
relationship. A third competitive model included occasion
interacting with grazing intensity. However, because the
simpler model only including occasion had a lower DIC
and there was little difference in predicted values among
grazing treatments or intensities, I based inference for
woody vegetation on the model only including occasion.
Overall, there was little model selection uncertainty. The
second-best model was at least around 2 DIC units behind
the top model for every vegetation characteristic except
woody vegetation.

Most vegetation showed effects directly after grazing but
those effects tended to disappear or weaken throughout
the growing season (Figure 6). However, percent forb cover
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FIGURE 4. Predicted relative probability of use for Northern Bobwhite nest sites as a function of percent grass and percent bare
ground in northeastern Colorado, 2016-2019. Dotted lines represent 90% credible intervals.
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FIGURE 5. Predicted relative probability of use for Northern Bobwhite brood sites as a function of percent woody vegetation, percent
bare ground, percent forb coverage, and percent visibility in northeastern Colorado, 2017-2019. Visibility was estimated from a Robel
pole and was the inverse of visual obstruction. Dotted lines represent 90% credible intervals.

tended to be greater in grazed plots during mid- and late-
summer sampling occasions even though directly after
grazing in the spring, forb cover was less in grazed plots
than ungrazed plots (Figure 6). There tended to be less
total grass throughout the growing season in plots grazed
that year compared with ungrazed control plots and plots

grazed in previous years (Figure 6). Cool-season grass fol-
lowed the same pattern as total grass (r = 0.7), so I only
show total grass in Figure 6. There was substantial vari-
ability in my estimates of warm-season grass cover, which
also had the lowest number of detections (13% of samples
vs. 63% for cool-season grass).
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northeastern Colorado, 2017-2019. The most-supported model varied among vegetation class which is why the legends are different
among the panels. Error bars represent 90% credible intervals.

DISCUSSION of bobwhites in this study. I detected effects of vegetation

on nest survival and nest and brood site selection; however,
High-intensity short-duration grazing during spring had grazing treatment variables were poor predictors of habitat
no detectable positive benefits on the reproductive ecology selection or nest survival. Grazing had substantial effects
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on vegetation immediately after grazing (beginning of bob-
white nesting season); however, many of these vegetation
effects diminished throughout the growing season. The ef-
fects of grazing on vegetation during early to mid-summer
were consistent with bobwhite brood habitat preferences,
but by late summer when broods were present these vege-
tation effects were weak to nonexistent. Based on these re-
sults, high-intensity short-duration grazing during spring
appears to be an ineffective strategy to improve bobwhite
breeding habitat in Colorado. Many different types of
grazing strategies exist and generalizations beyond the
specific grazing regime I tested should be avoided.

It was surprising that I did not find a positive response of
broods to grazing, given the success of high-intensity short-
duration grazing reported in other studies (Hammerquist-
Wilson and Crawford 1981, Schulz and Guthery 1988,
Wilkins and Swank 1992) and the previously reported
brood habitat preference for areas with low vegetation
density (Taylor et al. 1999). In this study, broods selected
areas with moderate amounts of forbs, more woody vege-
tation, less bare ground, and avoided areas with moderate
visibility compared to available habitat. Brood selection
for forbs has been previously reported (Taylor et al. 1999),
likely as a function of greater food availability (Jamison
et al. 2002). However, my finding of selection against bare
ground is interesting and counter to previous research
(Taylor et al. 1999) and prescriptions for brood habitat man-
agement (National Bobwhite Conservation Initiative 2015).
Bare ground is necessary to facilitate chick movement and
feeding (Doxon and Carroll 2010). The discrepancy in ef-
fects of bare ground between this study and other research
may be due to bare ground being more abundant in this
study (10-15% in ungrazed areas; Figure 6) compared with
what was reported in Taylor et al. (1999; 8.4%). I take this
finding to indicate that the portions of my study area that
I considered available for broods, contained sufficient bare
ground. Therefore, my results are not necessarily consistent
with the hypothesis that bobwhite populations were being
limited by the availability of more open feeding and brood-
rearing habitat in my study area. However, in addition to
bare ground, high forb cover is thought to be an important
component of brood-rearing habitat, and in this study, bob-
whites selected areas with moderate amounts of forbs.

Nest site selection at Tamarack was consistent with
other research (Taylor et al. 1999, Townsend et al. 2001,
Lusk et al. 2006, Rader et al. 2007); bobwhites selected
nest sites with more grass and less bare ground. Bobwhites
also tended to select nest sites where the vegetation was
shorter than available sites; however, this effect was weak
and credible intervals around this coefficient overlapped
0. Furthermore, this finding is counter to previous re-
search that has reported selection for taller vegetation
(Lusk et al. 2006, Rader et al. 2007). This discrepancy
may be a result of mean vegetation height in this study
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(80—90 c¢m in ungrazed areas; Figure 6) being substantially
greater than that reported in other literature (64—76 cm:
Lusk et al. 2006, 47 cm: Rader et al. 2007). At the larger
scale, I found a negative impact of grazing on nest-site se-
lection. This finding was not surprising given the known
nest site habitat preferences of bobwhites for taller, denser
vegetation (Taylor et al. 1999). The availability of suitable
nest sites is not perceived to be a limiting factor for bob-
whites at Tamarack because the vegetation is very dense
with abundant grasses.

Nest survival was influenced by percent litter and woody
vegetation around the nest as well as sex of the incubating
adult. Male-incubated nests had lower survival rates than
female-incubated nests; however, the sample size for male-
incubated nests was substantially less. Previous research
(Burger et al. 1995) has not documented this discrepancy
in nest survival between sexes, which could have impli-
cations for population models that assume constant nest
survival across sexes (Sandercock et al. 2008, Williams
et al. 2012). In Mountain Plovers (Charadrius montanus),
Dinsmore et al. (2002) hypothesized that differences in
nest survival between sexes would be due to differences
in nest initiation dates. In my study, mean nest initiation
date was 10 days later for males; however, I did not de-
tect an effect of date on nest survival. As for vegetation,
like my results, Taylor et al. (1999) found that litter nega-
tively influenced bobwhite clutch success in Kansas even
though litter had a positive effect on nest-site selection.
This pattern of selection for litter but with negative effects
on nest survival has also been observed in grassland song-
birds (Lusk and Koper 2013), although litter has also been
reported to exert a positive effect on nest survival (Hughes
et al. 1999). Westemeier (1973) suggested that excess litter
may alter the nest microclimate as well as suppress new
plant growth, which may reduce nest concealment; how-
ever, I did not find an effect of visual obstruction on nest
survival. Overall, none of the variables that were important
in predicting nest site selection were important in nest sur-
vival. It is interesting that bobwhites exhibited these nest
site selection preferences that were not associated with in-
creased nest survival. One theory is that bobwhites may
select nest sites to maximize some factor other than nest
survival. For example, Gibson et al. (2016b) found that
nest-site selection of Greater Sage-Grouse (Centrocercus
urophasianus) was better at predicting chick survival than
nest survival, which indicates that females selected nest
sites based on brood-rearing habitat quality. Alternatively,
in my study, there may not have been sufficient variation
in selected nest site vegetation to cause detectable effects
on nest survival.

Most vegetation categories showed substantial grazing ef-
fects during the early sampling period directly after grazing
(start of bobwhite nesting), but these effects diminished
throughout the season and by the late sampling occasion
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(bobwhite brood-rearing period), little difference was evi-
dent between grazed and control plots. Similarly, Sedgwick
and Knopf (1987, 1991) observed few differences in vegeta-
tion and no differences in breeding songbird densities fol-
lowing fall-winter grazing at stocking rates of 0.46 ha AU in
the same study area. Forbs were the exception in this study;
grazed plots continued to support greater amounts of forb
cover later in the growing season. Forb cover was important
in brood habitat selection, and during the late vegetation
sampling occasion, a time when many broods were present,
the grazed plots tended to contain more forb cover than
control plots. Positive response of forbs to grazing has been
reported elsewhere (Hammerquist-Wilson and Crawford
1981, Hayes and Holl 2003, Fondell and Ball 2004) and may
be a result of increased bare ground and overall decreased
vegetation height directly after grazing, which can reduce
competition with grasses (Hayes and Holl 2003). One of the
reasons I chose to test grazing treatments during spring was
to reduce the cover of cool-season grasses (Vallentine and
Stevens 1994) and facilitate the expansion of warm-season
bunchgrasses and forbs. Overall, given the trend of greater
forb cover in grazed plots that tended to last through mul-
tiple seasons, intensive spring grazing seemed to have a neu-
tral to potentially positive impact on the vegetation, given
known bobwhite habitat preferences. However, any effects
of grazing on the vegetation were not strong enough to
elicit a response that was detectable in the bobwhite habitat
selection data.

Previous research on high-intensity short-duration
grazing took place in south Texas where the climate is less
arid than northeastern Colorado. The greater rainfall typ-
ical of south Texas may indicate greater productivity (annual
herbaceous biomass production), which can determine the
optimal seral stage of bobwhite habitat for an area (Spears
et al. 1993). On less productive sites, Spears et al. (1993) pre-
dicted that bobwhites prefer later successional communities
and therefore, less disturbance than in areas with greater
productivity. If my study area was less productive than where
the previous research was conducted in south Texas, then
the optimal management strategy may be to disturb vege-
tation less, rather than using intensive grazing treatments.
However, based on my vegetation results, the vegetation re-
sponded quickly to disturbance and during a single growing
season, grew back to the point where there was little to no
detectable effect of grazing on vegetation. The high vegeta-
tion productivity at Tamarack was likely the result of being
in a riparian area, which can support high vegetation prod-
uctivity in arid regions (Hubbard 1977, Patten 1998).

Additional differences between my study and previous
grazing studies were stocking rates and timing of grazing.
Stocking rates were generally greater in this study (0.29-
0.01 ha AU™!) than what has been reported in previous
research (stocking rates 0.5-9.5 ha AU™'; Hammerquist-
Wilson and Crawford 1981, Schulz and Guthery 1988,
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Wilkins and Swank 1992) and the duration of grazing was
generally shorter than previous studies. Furthermore, in
this study, grazing only occurred during spring, whereas
in most previous research, grazing occurred year-round
in a rotational system. The previous research likely ob-
served effects of grazing because they grazed throughout
the growing season whereas in this study grazing only oc-
curred at the very beginning of the growing season.

Because intensive spring grazing did not provide any
detectable benefits to bobwhites, I recommend further
study of alternative modes of vegetation management.
Historically, natural fire occurred in this prairie grass-
land every 10-30 years (Paysen et al. 2000), although the
frequency and intensity that riparian areas burned are
less well known (Dwire and Kauffman 2003). Fire is an
important management tool used in other parts of the
bobwhite range to reset succession (Rosene 1969, Kamps
et al. 2017) and may be worth testing in Colorado. Other
options such as chemical application has shown promise
elsewhere (Jones and Chamberlain 2004) and should
be explored as well. Grazing during other times of year,
including during the bobwhite breeding season, may be
worthwhile given the lack of any lasting effect on vege-
tation from spring grazing and the reported positive
effects of grazing throughout the year (Hammerquist-
Wilson and Crawford 1981, Schulz and Guthery 1988,
Wilkins and Swank 1992). Rather than cease grazing in
late spring, further research could examine the value of
continuing to rotate the herd through experimental plots
for short durations throughout the entire growing season
or even through autumn. Lastly, warm-season grasses
made up a small component of overall grass in this study
but have been reported to represent an important compo-
nent of bobwhite habitat elsewhere (Parsons et al. 2000,
Richardson et al. 2020). Given the importance of warm-
season grasses to bobwhites, the lack of any grazing effect
on coverage of warm-season grasses may be a reason that
I did not detect an effect of grazing on bobwhite habitat
selection. Future research focusing disturbance more spe-
cifically on stimulating warm-season grass coverage in
addition to forbs would be valuable.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Ornuithological
Applications online.

ACKNOWLEDGMENTS

I thank all the field technicians who have worked on this pro-
ject, especially J. Wolske for his dedication. J. Herz, L. Kokes,
J. Mekelburg, and the rest of the CPW Area 3 staff pro-
vided invaluable support throughout the study. I also thank

Ornithological Applications 123:1-17 © 2021 American Ornithological Society

Downloaded From: https://complete.bioone.org/journals/Ornithological-Applications on 03 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



A. C.Behney

J. Gammonley, J. George, E. Gorman, S. Schaller, B. Smith,
M. Stratman, and T. Verquer for logistical support. R. Conrey;,
J. Gammonley, N. Rayl, and J. Runge provided valuable edits
on earlier drafts of this manuscript.

Funding statement: Funding was provided by Colorado Parks
and Wildlife and Northeast Colorado Pheasants Forever.
Ethics statement: All research activities were approved
by Colorado Parks and Wildlife's Animal Care and Use
Committee (Project no. 02-2016).

Data depository: Analyses reported in this article can be re-
produced using the data provided by Behney (2021).

LITERATURE CITED

Arthur, S. M., B.F.J. Manly, L. L. McDonald, and G. W. Garner (1996).
Assessing habitat selection when availability changes. Ecology
77:215-227.

Behney, A. C. (2021). Data from: High-intensity short-duration
grazing during spring is not an effective habitat manage-
ment tool for Northern Bobwhites in Colorado. Ornithological
Applications 123:1-17. doi:10.5061/dryad.k3j9kd56f.

Behney, A. C,, J. M. Wolske, T. M. Cucinotta, and C. Tappe (2020).
Factors influencing trapping success of Northern Bobwhites.
Wildlife Society Bulletin 44:240-245.

Bigelow, D. P, and A. Borchers (2017). Major uses of land in
the United States, 2012. U.S. Department of Agriculture,
Economic Research Service, Washington, D.C., USA.
Economic Information Bulletin Number 178.

Brennan, L. A. (1991). How can we reverse the Northern Bobwhite
population decline? Wildlife Society Bulletin 19:544-555.

Brennan, L. A., F. Hernandez, and D. Williford (2020). Northern
Bobwhite (Colinus virginianus), version 1.0. In Birds of the
World (A. F. Poole, Editor). Cornell Lab of Ornithology, Ithaca,
NY, USA. https://doi.org/10.2173/bow.norbob.01

Brennan, L. A, and W. P. Kuvlesky, Jr. (2005). North American grass-
land birds: An unfolding conservation crisis? The Journal of
Wildlife Management 69:1-13.

Burger, L. W.,, Jr, M. R. Ryan, T. V. Dailey, and E. W. Kurzejeski
(1995). Reproductive strategies, success, and mating systems
of Northern Bobwhite in Missouri. The Journal of Wildlife
Management 59:417-426.

Colorado Parks and Wildlife (2013). 2012/2013 small game har-
vest report. https://cpw.state.co.us/Documents/Hunting/
SmallGame/Statistics/13/2012-2013-Small-Game-Harvest-
Report.pdf.

DeMaso, S. J., A. D. Peoples, S. A. Cox, and E. S. Parry (1997).
Survival of Northern Bobwhite chicks in western Oklahoma.
The Journal of Wildlife Management 61:846-853.

Dinsmore, S. J., G. C. White, and F. L. Knopf (2002). Advanced tech-
nigues for modeling avian nest survival. Ecology 83:3476-3488.

Doxon, E. D., and J. P. Carroll (2010). Feeding ecology of Ring-
necked Pheasant and Northern Bobwhite chicks in con-
servation reserve program fields. The Journal of Wildlife
Management 74:249-256.

Dwire, K. A., and J. B. Kauffman (2003). Fire and riparian eco-
systems in landscapes of the western USA. Fire Ecology and
Management 178:61-74.

Dyson, M. E., M. L. Schummer, T.S. Barney, B. C. Fedy, H. A. L. Henry,
and S. A. Petrie (2018). Survival and habitat selection of

Northern Bobwhite breeding ecology in relation to grazing 15

Wood Duck ducklings. The Journal of Wildlife Management
82:1725-1735.

Figueroa-Zuniga, J. I, R. B. Arellano-Valle, and S. L. P. Ferrari (2013).
Mixed beta regression: A Bayesian perspective. Computational
Statistics & Data Analysis 61:137-147.

Fleischner, T. L. (1994). Ecological costs of livestock grazing in
western North America. Conservation Biology 8:629-644.

Fondell, T. F, and I. J. Ball (2004). Density and success of bird nests
relative to grazing on western Montana grasslands. Biological
Conservation 117:203-213.

Fuhlendorf, S. D., R.W. S. Fynn, D. A. McGranahan, and D. Twidwell
(2017). Heterogeneity as the basis for rangeland management.
In Rangeland Systems (D. Briske, Editor). Springer, Cham,
Switzerland. pp. 169-196.

Gibson, D, E. J. Blomberg, M.T. Atamian, and J. S. Sedinger (2016b).
Nesting habitat selection influences nest and early offspring
survival in Greater Sage-Grouse. The Condor: Ornithological
Applications 118:689-702.

Gibson, D., E. J. Blomberg, and J. S. Sedinger (2016a). Evaluating
vegetation effects on animal demographics: The role of
plant phenology and sampling bias. Ecology and Evolution
6:3621-3631.

Gillies, C. S, M. Hebblewhite, S. E. Nielsen, M. A. Krawchuk,
C. L. Aldridge, J. L. Frair, D. J. Saher, C. E. Stevens, and C. L. Jerde
(2006). Application of random effects to the study of re-
source selection by animals. The Journal of Animal Ecology
75:887-898.

Hagen, C. A, B. E. Jamison, K. M. Giesen, and T. Z. Riley (2004).
Guidelines for managing lesser prairie-chicken populations
and their habitats. Wildlife Society Bulletin 32:69-82.

Hammerquist-Wilson, M. M., and J. A. Crawford (1981). Response
of bobwhites to cover changes within three grazing systems.
Journal of Range Management 34:213-215.

Hayes, G. F, and K. D. Holl (2003). Cattle grazing impacts on an-
nual forbs and vegetation composition of mesic grasslands in
California. Conservation Biology 17:1694-1702.

Hernandez, F, L. A. Brennan, S. J. DeMaso, J. P. Sands, and
D. B. Wester (2013). On reversing the Northern Bobwhite
population decline: 20 years later. Wildlife Society Bulletin
37:177-188.

Holechek, J. L. (1983). Considerations concerning grazing sys-
tems. Rangelands 5:208-211.

Holechek, J. L, R. Valdez, S. D. Schemnitz, R. D. Pieper, and
C. A. Davis (1982). Manipulation of grazing to improve or main-
tain wildlife habitat. Wildlife Society Bulletin 10:204-210.

Hubbard, J. P. (1977). Importance of riparian ecosystems: Biotic
considerations. In Importance, Preservation and Management
of Riparian Habitat: A Symposium (R. R. Johnson and
D. A. Jones, Technical Coordinators). USDA Forest Service
General Technical Report RM-43, Rocky Mountain Research
Station, Fort Collins, CO, USA. pp. 14-18.

Hughes, J. P, R. J. Robel, K. E. Kemp, and J. L. Zimmerman (1999).
Effects of habitat on dickcissel abundance and nest success in
conservation reserve program fields in Kansas. The Journal of
Wildlife Management 63:523-529.

Interagency Technical Reference (1999). Utilization studies and
residual measurements. Technical Reference 1734-3. Bureau
of Land Management National Applied Resource Sciences
Center, Washington, D.C., USA.

Jamison, B. E., R. J. Robel, J. S. Pontius, and R. D. Applegate (2002).
Invertebrate biomass: Associations with Lesser Prairie-Chicken

Ornithological Applications 123:1-17 © 2021 American Ornithological Society

Downloaded From: https://complete.bioone.org/journals/Ornithological-Applications on 03 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


https://doi.org/10.5061/dryad.k3j9kd56f
https://doi.org/10.2173/bow.norbob.01
https://cpw.state.co.us/Documents/Hunting/SmallGame/Statistics/13/2012-2013-Small-Game-Harvest-Report.pdf
https://cpw.state.co.us/Documents/Hunting/SmallGame/Statistics/13/2012-2013-Small-Game-Harvest-Report.pdf
https://cpw.state.co.us/Documents/Hunting/SmallGame/Statistics/13/2012-2013-Small-Game-Harvest-Report.pdf

16  Northern Bobwhite breeding ecology in relation to grazing

habitat use and sand sagebrush density in southwestern
Kansas. Wildlife Society Bulletin 30:517-526.

Johnson, C. J,, S. E. Nielsen, E. H. Merrill, T. L. McDonald, and
M. S. Boyce (2006). Resource selection functions based on
use-availability data: Theoretical motivation and evaluation
methods. The Journal of Wildlife Management 70:347-357.

Jones, J. D.,, and M. J. Chamberlain (2004). Efficacy of herbi-
cides and fire to improve vegetative conditions for Northern
Bobwhites in mature pine forests. Wildlife Society Bulletin
32:1077-1084.

Kamps, J. T., W. E. Palmer, T. M. Terhune, G. Hagan, and
J. A. Martin (2017). Effects of fire management on Northern
Bobwhite brood ecology. European Journal of Wildlife
Research 63:27.

Kie, J. G., R. T. Bowyer, M. C. Nicholson, B. B. Boroski, and E. R. Loft
(2002). Landscape heterogeneity at differing scales: Effects on
spatial distribution of mule deer. Ecology 83:530-544.

Klimstra, W. D., and V. C. Ziccardi (1963). Night-roosting habitat of
bobwhites. The Journal of Wildlife Management 27:202-214.

Knapp, A. K., J. M. Blair, J. M. Briggs, S. L. Collins, D. C. Hartnett,
L. C. Johnson, and E. G. Towne (1999). The keystone role of
bison in North American tallgrass prairie: Bison increase
habitat heterogeneity and alter a broad array of plant, com-
munity, and ecosystem processes. BioScience 49:39-50.

Liu, X., R. M. Whiting, Jr, D. S. Parsons, and D. R. Dietz (2002).
Movement patterns of resident and relocated Northern
Bobwhites in East Texas. In Quail V: Proceedings of the Fifth
National Quail Symposium (S. J. DeMaso, W. P. Kuvlesky, Jr., F.
Hernandez, and M. E. Berger, Editors). Texas Parks and Wildlife
Department, Austin, TX, USA. pp. 168-172.

Lusk, J. J, F. S. Guthery, and S. J. DeMaso (2001). Northern
Bobwhite (Colinus virginianus) abundance in relation to yearly
weather and long-term climate patterns. Ecological Modelling
146:3-15.

Lusk, J. J., S. G. Smith, S. D. Fuhlendorf, and F. S. Guthery (2006).
Factors influencing Northern Bobwhite nest-site selection and
fate. The Journal of Wildlife Management 70:564-571.

Lusk, J. S., and N. Koper (2013). Grazing and songbird nest sur-
vival in southwestern Saskatchewan. Rangeland Ecology and
Management 66:401-409.

McConnell, M. D., A. P. Monroe, L. W. Burger, Jr., and J. A. Martin
(2017). Timing of nest vegetation measurement may obscure
adaptive significance of nest-site characteristics: A simulation
study. Ecology and Evolution 7:1259-1270.

McCoy, T. D., E. W. Kurzejeski, L. W. Burger, Jr, and M. R. Ryan
(2001). Effects of conservation practice, mowing, and tem-
poral changes on vegetation structure on CRP fields in nor-
thern Missouri. Wildlife Society Bulletin 29:979-987.

National Bobwhite Conservation Initiative (2015). The compre-
hensive guide to creating, improving and maintaining bob-
white habitat. https://bringbackbobwhites.org/download/
nbci-the-comprehensive-guide-to-creating-improving-
managing-bobwhite-habitat/.

Nelson, A. L, and A. C. Martin (1953). Gamebird weights. The
Journal of Wildlife Management 17:36-42.

Northrup, J. M., and B. D. Gerber (2018). A comment on priors for
Bayesian occupancy models. PLoS One 13:e0192819.

Orange, J. P, C. A. Davis, R. D. EImore, E. P.Tanner, S. D. Fuhlendorf,
and E. T. Thacker (2016). Evaluating the efficacy of brood flush
counts: A case study in two quail species. Western North
American Naturalist 76:485-492.

A. C.Behney

Ospina, R., and S. L. P. Ferrari (2010). Inflated beta distributions.
Statistical Papers 51:111.

Parsons, D. S., R. M. Whiting, Jr.,, X. Liu, and D. R. Dietz (2000). Food
plot use by juvenile Northern Bobwhites in East Texas. National
Quiail Symposium Proceedings 4:71-74.

Patten, D. T. (1998). Riparian ecosystems of semi-arid North
America: Diversity and human impacts. Wetlands 18:498-512.

Paysen, T. E,, R. J. Ansley, J. K. Brown, G. J. Gottfried, S. M. Haase,
M. G. Harrington, M. G. Narog, S. S. Sackett, and R. C. Wilson
(2000). Fire in western shrubland, woodland, and grass-
land ecosystems. In Wildland Fire and Ecosystems: Effects of
Fire on Flora. General Technical Report RMRS-GTR-412-vol
2 (J. K. Brown, and J. K. Smith, Editors). USDA Forest Service,
Ogden, UT, USA. pp. 121-159.

Perkins, R., C. Boal, D. Rollins, and R. M. Perez (2014). Northern
Bobwhite predator avoidance behavior in response to
varying types of threat. The Journal of Wildlife Management
78:1272-1281.

Plummer, M. (2017). JAGS version 4.3.0 user manual. https://
sourceforge.net/projects/mcmc-jags/.

Plummer, M. (2019). Rjags: Bayesian graphical models using
MCMC. Version 4-10. https://rdrr.io/cran/rjags/man/rjags-
package.html.

Plummer, M., N. Best, K. Cowles, and K. Vines (2006). CODA:
Convergence diagnosis and output analysis for MCMC. R News
6:7-11.

Quinn-Davidson, L. N., and J. M. Varner (2012). Impediments to
prescribed fire across agency, landscape and manager: An
example from northern California. International Journal of
Wildland Fire 21:210-218.

R Core Team (2020). R: A Language and Environment for Statistical
Computing, Version 4.0.2. R Foundation for Statistical
Computing, Vienna, Austria.

Rader, M. J., L. A. Brennan, F. Hernandez, N. J. Silvy, and B. Wu
(2007). Nest-site selection and nest survival of Northern
Bobwhite in southern Texas. The Wilson Journal of Ornithology
119:392-399.

Richardson, A. D., A. J. Kroeger, C. E. Moorman, C. A. Harper,
B. Gardner, M. D. Jones, and B. M. Strope (2020). Nesting
ecology of Northern Bobwhite on a working farm. Wildlife
Society Bulleting 44:677-683.

Robel, R. J., J. N. Briggs, A. D. Dayton, and L. C. Hulbert (1970).
Relationships between visual obstruction measurements and
weight of grassland vegetation. Journal of Range Management
23:295-297.

Rosene, W. (1969). The Bobwhite Quiail: Its Life and Management.
The Sun Press, Hartwell, GA, USA.

Sandercock, B. K., W. E. Jensen, C. K. Williams, and R. D. Applegate
(2008). Demographic sensitivity of population change in
Northern Bobwhite. The Journal of Wildlife Management
2:970-982.

Sauer, J.R,, D. K. Niven, J. E. Hines, D. J. Ziolkowski, Jr., K. L. Pardieck,
J.E.Fallon, and W. A. Link (2017). The North American Breeding
Bird Survey, Results and Analysis 1966-2015, Version 2.07.2017.
USGS Patuxent Wildlife Research Center, Laurel, MD, USA.

Schmidt, J. H., J. A. Walker, M. S. Lindberg, D. S. Johnson, and
S.E.Stephens (2010). A general Bayesian hierarchical model for
estimating survival of nests and young. The Auk 127:379-386.

Schulz, P. A, and F. S. Guthery (1988). Effects of short duration
grazing on Northern Bobwhites: A pilot study. Wildlife Society
Bulletin 16:18-24.

Ornithological Applications 123:1-17 © 2021 American Ornithological Society

Downloaded From: https://complete.bioone.org/journals/Ornithological-Applications on 03 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


https://bringbackbobwhites.org/download/nbci-the-comprehensive-guide-to-creating-improving-managing-bobwhite-habitat/
https://bringbackbobwhites.org/download/nbci-the-comprehensive-guide-to-creating-improving-managing-bobwhite-habitat/
https://bringbackbobwhites.org/download/nbci-the-comprehensive-guide-to-creating-improving-managing-bobwhite-habitat/
https://sourceforge.net/projects/mcmc-jags/
https://sourceforge.net/projects/mcmc-jags/
https://rdrr.io/cran/rjags/man/rjags-package.html
https://rdrr.io/cran/rjags/man/rjags-package.html

A. C.Behney

Sedgwick, J. A., and F. L. Knopf (1987). Breeding bird response to
cattle grazing of a cottonwood bottomland. The Journal of
Wildlife Management 51:230-237.

Sedgwick, J. A, and F. L. Knopf (1991). Prescribed grazing as a
secondary impact in a western riparian floodplain. Journal of
Range Management 44:369-373.

Sharps, E., J. Smart, L. R. Mason, K. Jones, M. W. Skov, A. Garbutt,
and J. G. Hiddink (2017). Nest trampling and ground nesting
birds: Quantifying temporal and spatial overlap between
cattle activity and breeding redshank. Ecology and Evolution
7:6622-6633.

Smith, H.D., F. A. Stormer, and R. D. Godfrey, Jr. (1981). A Collapsible
Quail Trap. USDA Forest Service, Rocky Mountain Forest and
Range Experiment Station, Fort Collins, CO, USA.

Smith, J.T., J. D.Tack, L. . Berkeley, M. Szczypinski, and D. E. Naugle
(2018). Effects of livestock grazing on nesting sage-grouse
in central Montana. The Journal of Wildlife Management
82:1503-1515.

Snyder, W. D. (1978). The Bobwhite in Eastern Colorado. Technical
Publication No. 32. Colorado Division of Wildlife, Denver, CO, USA.

Spears, G. S, F. S. Guthery, S. M. Rice, S. J. DeMaso, and B. Zaiglin
(1993). Optimal seral stage for Northern Bobwhites as influ-
enced by site productivity. The Journal of Wildlife Management
57:805-811.

Stoddard, H. L. (1931). The Bobwhite Quiail: Its Habits Preservation
and Increase. Charles Scribner’s Sons, New York, NY, USA.

Taylor, J. S, K. E. Church, and D. H. Rusch (1999). Microhabitat se-
lection by nesting and brood-rearing Northern Bobwhite in
Kansas. The Journal of Wildlife Management 63:686-694.

Taylor, J.S.,and F. S. Guthery (1994). Daily movements of Northern
Bobwhite broods in southern Texas. The Wilson Bulletin
106:148-150.

Terhune, T. M., D. C. Sisson, J. B. Grand, and H. L. Stribling (2007).
Factors influencing survival of radiotagged and banded

Northern Bobwhite breeding ecology in relation to grazing 17

Northern Bobwhites in Georgia. The Journal of Wildlife
Management 71:1288-1297.

Townsend, D. E., Il, R. E. Masters, R. L. Lochmiller, D. M. Leslie, Jr,,
S. J. DeMaso, and A. D. Peoples (2001). Characteristics of nest
sites of Northern Bobwhites in western Oklahoma. Journal of
Range Management 54:260-264.

U.S. Department of Agriculture [USDA] (2003). National Range
and Pasture Handbook. Grazing Lands Technology Institute,
Natural Resources and Conservation Service, Washington, DC,
USA.

Vallentine, J. F, and A. R. Stevens (1994). Use of livestock to
control cheatgrass—A review. In Proceedings-Ecology and
Management of Annual Rangelands. General Technical Report
INT-GTR-313 (S. B. Monsen and S. G. Kitchen, Editors). USDA
Forest Service, Intermountain Research Station, Ogden, UT,
USA. pp. 202-206.

Westemeier, R. L. (1973). Prescribed burning in grassland man-
agement for prairie chickens in lllinois. In Proceedings of the
Tall Timbers Fire Ecology Conference (R. Komarek, Editor).
Tall Timbers Research Station, Tallahassee, FL, USA. pp.
317-338.

White, G. C,, and R. A. Garrott (1990). Analysis of Wildlife Radio-
Tracking Data. Academic Press, San Diego, CA, USA.

Wiley, M. J.,, A. K. Janke, and R. J. Gates (2012). Efficacy of tar-
geted mist-netting to capture Northern Bobwhites during
the non-breeding season in Ohio. Proceedings of the National
Quail Symposium 7:235-240.

Wilkins, R.N., and W. G. Swank (1992). Bobwhite habitat use under
short duration and deferred-rotation grazing. Journal of Range
Management 45:549-553.

Williams, C. K., B. K. Sandercock, M. Lohr, and P. M. Castelli (2012).
A mid-Atlantic and a national population model of Northern
Bobwhite demographic sensitivity. National Quail Symposium
Proceedings 7:163-172.

Ornithological Applications 123:1-17 © 2021 American Ornithological Society

Downloaded From: https://complete.bioone.org/journals/Ornithological-Applications on 03 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



