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Habitat and space use of wintering Sprague’s Pipits (Anthus spragueii) in northern
Mexico
Erin H. Strasser,1* Irene Ruvalcaba-Ortega,2 Alexander Peña-Peniche,2 Arvind O. Panjabi,1 José
Hugo Martı́nez-Guerrero,3 Ricardo Canales-del-Castillo,2 and Maureen D. Correll1
ABSTRACT—Understanding home range size and habitat preferences is an important component of monitoring species in
steep decline. Sprague’s Pipit (Anthus spragueii) is a declining grassland specialist with a substantial portion of its population
wintering in the highly threatened grasslands of the Chihuahuan Desert. We radio-tagged and tracked 10 wintering pipits
between 2014 and 2017 at 3 sites across northern Mexico to generate baseline home range estimates and habitat preferences
on their wintering grounds. We found that mean home range and core-use area size with 95% and 50% kernel density
estimators were 11.4 ha and 2.4 ha, respectively, almost twice as large as some other grassland specialist passerines. Two
birds left the study area and one individual shifted its home range 1.3 km after 20 d of monitoring, indicating that some
individuals are flexible in their space use strategies. Within their home ranges, pipits selected grasslands with more bare
ground and less ‘‘other cover’’ (litter, duff, animal excrement, and rocks) than what was available on the landscape. We found
no relationship at the microhabitat scale between pipits and grass height nor shrub cover and heights, which in previous
studies have been shown to influence habitat selection at larger scales. These findings may reflect different habitat use, diet,
and predator avoidance strategies than other grassland passerines that select for denser grass cover during winter in the
Chihuahuan Desert and highlight the importance of structurally heterogeneous grasslands. For this reason, strategies to
manage and conserve Chihuahuan Desert grasslands and its avifauna must consider the diverse habitat and area needs of
grassland birds to be effective. Received 26 October 2017. Accepted 2 April 2019.
Key words: Chihuahuan Desert, grassland birds, habitat selection, overwinter ecology, Sprague’s Pipit
Uso de hábitat y del espacio por la bisbita Anthus spragueii invernando en el norte de México
RESUMEN (Spanish)—Entender el tamaño del ámbito hogareño y las preferencias de hábitat es importante para el seguimiento de especies
en declive precipitado. La bisbita Anthus spragueii es una especialista de pastizales con tasas poblacionales negativas, y un parte sustancial de
su población invernan en los pastizales del Desierto Chihuahuense, también altamente amenazado. Colocamos radiotransmisores y seguimos a
10 bisbitas invernantes entre 2014 y 2017 en tres sitios a lo ancho del norte de México para generar una lı́nea base de estimaciones y
preferencias de hábitat en sus territorios de invierno. Encontramos que la media del ámbito hogareño y el área núcleo de uso, usando
estimadores de densidad kernel de 95 y 50%, fueron de 11.4 y 2.4 ha respectivamente, casi el doble de otras especies de paserinas especialistas
en pastizales. Dos pájaros dejaron el área de estudio y un individuo desplazó su ámbito hogareño 1.3 km después de 20 d de seguimiento,
indicando que algunos individuos tienen estrategias flexibles de uso del espacio. Al interior de sus ámbitos hogareños, las bisbitas
seleccionaron pastizales con más suelo desnudo y menos superficie compuesta de ‘‘otras coberturas’’ (hojarasca, material vegetal en
descomposición, excremento animal y piedras) de la que estaba disponible en el paisaje. A escala de microhábitat, no encontramos relación
entre bisbitas y altura de los pastos—o entre éstas, y la cobertura y la altura de los arbustos—que han sido identificadas como influencias en la
selección de hábitat a escalas más grandes. Estos hallazgos podrı́an reflejar un uso de hábitat, dieta y estrategias de depredación diferentes que
aquellos de otras paserinas de pastizales del Desierto Chihuahuense que seleccionan coberturas de pastos más densos durante el invierno y
destacan la importancia de los pastizales estructuralmente heterogéneos. Por este motivo, las estrategias para manejar y conservar los pastizales
del Desierto Chihuahuense y su avifauna deben considerar las diversas necesidades de hábitat y área de estas aves para ser efectivas.
Palabras clave: aves de pastizal, Desierto Chihuahuense, ecologı́a en invierno, selección de hábitat

Insight into home range characteristics is
integral to understanding a species’ or individual’s
environmental preferences and requirements as
well as to predict their response to global change
(e.g., habitat fragmentation, climate variability;
Van Beest et al. 2011, Tuqa et al. 2014).
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Individuals depend on the resources within their
home range to provide food, shelter, and cover
from predators (Burt 1943, Powell and Mitchell
2012). Selection of an area can be based upon
physiological requirements (Picard et al. 2011),
predation risk (Dussault et al. 2005), competition
(Brown and Long 2007), and/or resource availability on the landscape (Powell and Mitchell
2012). The costs and benefits associated with
selection and use of a home range are especially
pertinent in threatened environments as resources
may shift spatially or temporally, or disappear
altogether. Habitat preferences and space requirements are therefore essential building blocks of
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knowledge for establishing effective conservation
strategies and objectives for species of concern
(Cooke 2008, Trainor et al. 2012, Rechetelo et al.
2016).
Increasingly, conservationists utilize behavioral
information such as animal movements to explore
habitat use and inform conservation planning and
management for wildlife (Berger-Tal et al. 2011).
Understanding space and movement patterns can
provide important context for determining the
scale and locations at which habitat should be
preserved or restored (Meyburg et al. 2015,
Fauvelle et al. 2017). Data from individuals tagged
with tracking devices such as radio-transmitters
provides detailed information on movement and
space requirements (Smith et al. 2011), habitat
preferences (Aarts et al. 2008, Martin et al. 2009),
capacity for behavioral plasticity in response to
predation pressure (Hoare et al. 2007), and causes
of mortality (Murray 2006). This type of data
collection can be particularly useful for cryptic
species that are difficult to detect or those that
inhabit remote areas (Cooke 2008).
Sprague’s Pipit (Anthus spragueii) is an understudied grassland songbird that inhabits remote
areas and behaves cryptically during the nonbreeding season. This species breeds in the northern
Great Plains of the United States and Canada and
migrates to the southern United States and
northern Mexico for the winter (Davis et al.
2014). It is of conservation concern (Berlanga et
al. 2010, Jones 2010, Environment Canada 2012)
because its population has exhibited one of the
steepest declines of any songbird in North
America, with an estimated 79% population loss
since 1966 (Sauer et al. 2017). The decline of the
Sprague’s Pipit population is attributed to habitat
loss on both the breeding and wintering grounds
(Hill et al. 2014); however, little is known about
home range size and habitat use by this species
during the nonbreeding season. A large portion of
Sprague’s Pipits winter within the Chihuahuan
Desert grasslands of the southwestern United
States and northern Mexico, where shrub encroachment, overgrazing, climate variability, and
conversion to cropland continue to drastically
reduce the amount and quality of grasslands (Pool
et al. 2014, Gremer et al. 2015, Archer et al. 2017).
Previous survey efforts on the wintering
grounds have linked pipit abundance in the
Chihuahuan Desert with winter habitat structure
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and composition (Macı́as-Duarte et al. 2009, Pool
et al. 2012, Ruth et al. 2014); however, no studies
have tracked individual wintering Sprague’s Pipits
and quantified habitat use at a fine scale (i.e., areas
of known use). Baseline information about finescale winter habitat use is therefore needed to
establish habitat objectives specific to pipits in
order to effectively conserve this species in light of
its rapid decline and the existing widespread
threats to grasslands in the Chihuahuan Desert.
To this end, as part of a larger grassland bird study,
we led a small capture and radio tracking effort for
Sprague’s Pipits in 3 study areas and 3 seasons
(2014–2018) within their Chihuahuan Desert
wintering area to (1) estimate home range size,
core-use areas, and space-use patterns, and (2)
determine vegetative characteristics selected by
wintering pipits in the Chihuahuan Desert. This
study provides the first data on individual habitat
use and home range size for this species on its
wintering grounds and contrasts these findings
with those from studies on breeding pipits and
other grassland passerines during winter. We offer
suggestions for further study as well as recommendations for consideration during conservation
planning and management of grassland passerines
in the Chihuahuan Desert.

Methods
Study area
As part of a larger study investigating factors
limiting overwinter survival of Baird’s Sparrow
(Centronyx bairdii) and Grasshopper Sparrow
(Ammodramus savannarum), we radio-tagged
Sprague’s Pipits at 3 sites within Chihuahuan
Desert Grassland Priority Conservation Areas
(GPCAs; Pool and Panjabi 2011) in northern
Mexico: Janos in Chihuahua (JANOS), Cuchillas
de la Zarca in Durango (CUZA), and Valle
Colombia in Coahuila (VACO; Fig. 1). Study sites
within the GPCAs were located on privately
owned ranches and we delineated monitoring plots
based upon the confirmed presence of target
species and site characteristics (shrub density
,25%, location of major roads, and ranch
boundaries). Area of plots within study sites were
999 ha at JANOS, 724 ha at CUZA, and 1,238 ha
at VACO. All plots were grazed by bison (Bison
bison) or domestic cattle.
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Figure 1. Sprague’s Pipit study areas in the Chihuahuan Desert of northern Mexico. Study areas are within the Janos, Valle
Colombia, and Cuchillas de la Zarca Grassland Priority Conservation Areas. Breeding and wintering range of Sprague’s
Pipits is included for reference. Image of Sprague’s Pipit habitat in the Chihuahuan Desert grasslands by Erin H. Strasser and
Sprague’s Pipit demonstrating its cryptic coloration and use of bare ground by José Hugo Martı́nez Guerrero.
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Bird capture and tracking
We captured and monitored radio-tagged birds
between early December and mid-March during 4
winters from 2014 to 2018. We captured and
tagged individuals in early December and midJanuary and when necessary we attempted to
recapture birds to replace failing transmitters
(battery life 45–60 d). At this time, we tagged
new individuals if we succeeded in their capture.
We attempted to recapture tagged birds in midMarch to remove tags prior to migration. We
captured birds using a flush netting technique
where we placed an array of 3–5 nets (12 m and 30
mm mesh) in a straight line within study area
boundaries. We formed semi-circles up to 200 m
away from the nets using crews of 5–20 people
and slowly walked toward the nets to flush birds.
We waved 2 m long bamboo poles fitted with
bright flagging in the air to maintain birds within
the flush-net circle. Because of this species’
propensity for flying vertically when flushed, in
some cases we tossed hats or neon-colored fabric
flying disks above the bird to limit it from flying
over the net. To recapture radio-tagged pipits, 2
observers triangulated the bird under low-light
conditions (early morning or late evening) and
attempted to maintain visual contact with the
moving bird while the remainder of the crew
quietly approached. After several failed recapture
attempts with one individual, we succeeded when
observers held net poles and crouched low to the
ground, elevating and then rotating the nets at a
458 angle toward the ground as the bird flushed
and flew toward the net.
We banded birds with a U.S. Geological Survey
aluminum band from the Patuxent Bird Banding
Lab and collected standard morphometric measurements (wing chord, tail length, culmen length,
and tarsus length), assessed molt, scored fat, and
weighed birds to the nearest 0.1 g. We collected
one rectrix (r3) for molecular sexing following
Fridolfsson and Ellegren (1999). We then outfitted
birds with 0.5–0.6 g radio-transmitters with
uncoated 13 cm long antennas of unique frequencies (PicoPip Ag379, Biotrack, Dorset, UK). We
used a figure-8 leg loop harness of 1 mm nyloncoated elastic to attach transmitters (Rappole and
Tipton 1991). Total transmitter and harness weight
did not exceed 2.5% of bird mass. Transmitters did
not appear to negatively impact pipit behavior
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(e.g., we did not observe pipits picking at their tag
or harness nor did it appear to impact flight),
although we did not conduct a formal assessment
of this observation. We cannot state whether
capture, tagging, or tracking birds led to reduced
survival or displacement.
We located birds once daily (0730–1800 h) to
reduce spatial autocorrelation between locations,
and tracked at different time periods throughout
the day to avoid time of day effects. We tracked
birds using 3- or 5-element Yagi antennas and
Biotracker receivers (Biotrack, Dorset, UK). A
single observer triangulated the bird from 50–100
m away before quietly approaching and marking
the location with a GPS. We made efforts to locate
missing individuals by walking transects through
the study areas, climbing to high points, and
driving roads within 10 km of the study area, using
either a handheld Yagi or truck-mounted omnidirectional or 5-element antennas. Depending upon
the height of the Yagi antenna (flat ground vs.
truck-mounted vs. hilltop) we detected signal from
300 to 3,000 m away. We scanned at least twice
weekly until expected transmitter battery failure.
Home range estimation
We estimated winter home range size for
individual pipits using the fixed kernel density
estimator method (Worton 1989, Seaman and
Powell 1996) with the package adehabitatHR
(Calenge 2006) in Program R (R Core Team
2016). We limited analysis to birds with more than
30 locations (n ¼ 5 pipits) as recommended by
Seaman et al. (1999). We estimated home range
area within 95% isopleths and core-use areas with
50% isopleths. Home ranges were constructed
with bivariate normal kernels with a grid size of
300 m. We determined smoothing parameters with
least squares cross validation (LSCV) and algorithms reached convergence for all 5 individuals.
We chose the LSCV smoothing because other
methods of smoothing can overestimate home
range size and include areas that may not have
been used by the animal (Seaman and Powell
1996, Gitzen and Millspaugh 2003).
Vegetation sampling and determination of
habitat selection
We sampled vegetation at a randomly selected
subset of location points of all radio-tagged pipits
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(measuring used habitat) as well as across a grid of
points (measuring available habitat) spaced every
100 m within our study areas. We visually
estimated percent cover of grass, forbs, tumbleweed, shrubs, bare ground (dirt and rocks smaller
than a fist), and ‘‘other cover,’’ which included
litter (dead leaves and seeds), duff (decomposing
organic material), animal excrement, and rocks
(larger than a fist) within a 5 m radius plot centered
on each point (e.g., Macias-Duarte et al. 2017). We
estimated average height of grass, forbs, and
shrubs within the plot to the nearest 1 cm using
a 1 m pole marked every 2 cm as a guide. We used
visual estimation within a 5 m radius plot given
that it is rapid and reasonably accurate compared
with quantitative sampling and is consistent with
methods used in previous studies on grassland bird
habitat in the Chihuahuan Desert (Pool et al.
2012). We held calibration exercises to train
observers at the beginning of the field season
and repeated these exercises regularly throughout
the season.
We used mixed-effect logistic regression models
to explore fine-scale (third order; Johnson 1980)
habitat selection in our tagged birds in Program R
(R Core Team 2016) using the glmer function in
the lme4 package (Bates et al. 2015). We
combined vegetation data from all points (n ¼
142) where tagged pipits in JANOS and VACO
were observed post-capture (n ¼ 7 pipits) with
vegetation data from our randomly selected points
(n ¼ 7,198) within JANOS and VACO study plots.
We did not include use/availability from our
CUZA site because of the low sample size of
vegetation use points for the individual tracked
there (n ¼ 4). We did not include vegetation data
from net or mortality locations as these may not
represent selected habitat. We included a random
effect for individual to account for differences
between individual pipits for vegetation measurements at each ‘‘use’’ point and assigned a random
individual ID (n ¼ 7) to each ‘‘random’’ point,
stratifying by study plot and year so that the
randomly assigned individuals for the random
points matched the individuals from those study
plots. This individual designation was included as
a random effect in all regression models.
We compared all continuous variables for
correlation before analysis and found bare ground
cover and grass cover had a correlation of 0.86
but all other variables had a correlation of ,0.6.

We then compared univariate regressions including bare ground and grass cover, respectively,
along with the random effect of individual. We
found the model including bare ground cover
yielded a larger effect size and a DAIC . 2 (AICc;
Burnham and Anderson 2004) than the model
including grass cover. We therefore included bare
ground in our global model and excluded grass
cover in all further analyses. Finally, we compared
univariate models with and without a quadratic
term for each habitat covariate to assess if a
quadratic or linear relationship was better at
explaining variation in our data for each variable.
We excluded tumbleweed from further analysis
because the vast majority of measurements were 0.
Based on the results of our univariate model
comparisons, our additive global model included
either linear (L) or quadratic (Q) metrics for bare
ground cover (L), average grass height (Q), forb
cover (Q), average forb height (L), shrub cover
(L), average shrub height (L), and ‘‘other’’ cover
(L), and random effect of individual. We scaled all
metrics using the ‘‘scale’’ function in base R to
allow post hoc comparison of parameter estimates
within models. We then compared our global
model to a null model including only the random
effect of individual and null intercept using AICc.
We used the Wald approximation function to
estimate 95% confidence intervals post hoc for
each parameter. To further validate our results (due
to skewed sample size of ‘‘selected’’ vs. ‘‘available’’ points) we repeatedly subsetted (n ¼ 100)
our ‘‘available’’ vegetation measurements and
reran our global model on this smaller dataset.
We assessed goodness of fit using marginal R
squared (Bartoń 2018) and report parameter
estimates from our global model run with the full
dataset.

Results
Pipit captures
We captured 12 and radio-tagged 10 Sprague’s
Pipits (3 females, 7 males) within the 3 GPCAs in
4 winters (Table 1). Many captures were incidental
during sparrow trapping, however some birds were
targeted including birds that were recaptured later
in the study. Two individuals were molting a small
number of body feathers at the time of capture. We
monitored pipits between 0 and 67 d (x̄ ¼ 26 d).
We discovered remains of 4 tagged pipits in Valle
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Table 1. Sprague’s Pipit (Anthus spragueii) captures by site and winter within the Chihuahuan Desert of northern Mexico.
Included are sex, the number of radio telemetry locations, 95% home range and core-use areas (95% and 50% kernel density
estimators, respectively; in hectares), and bird fate. Birds with fewer than 30 telemetry locations were not included in home
range generation or analysis.
ID

Site

Winter

Sex

Locations

50%

95%

Fate

15320

JANOS
CUZA
VACO
VACO
VACO
VACO
VACO
VACO
VACO
VACO

2014–2015
2015–2016
2014–2015
2015–2016
2016–2017
2016–2017
2016–2017
2016–2017
2017–2018
2017–2018

F
M
M
M
F
M
M
M
F
M

45
12
3
10
67
47
40
3
0
32

2.45
—
—
—
1.36
1.34
4.56
—
—
2.12

11.24
—
—
—
7.34
6.25
22.78
—
—
9.81

Survived
Lost
Depredated
Depredated
Survived
Survived
Survived
Lost
Depredated
Depredated

9951
9958
55611

9999

Colombia that were depredated by Loggerhead
Shrikes (Lanius ludovicianus) and raptors (presumably American Kestrel [Falco sparverius] or
Northern Harrier [Circus cyaneus]). We lost the
signal for 2 individuals after less than 2 weeks of
monitoring and they were never relocated (Table
1).
Home ranges
We included 5 individuals (3 males and 2
females) with .30 locations in home range
analyses (Fig. 2). Of these 5 individuals, we
monitored 1 individual at the JANOS site and 4 at
the VACO site. Winter home range (95% isopleths) size ranged between 6.6 and 22.9 ha with
an average size of 11.4 ha (Table 1). Core areas
used by pipits (50% isopleths) ranged between 1.3
and 4.6 ha (x̄ ¼ 2.4 ha). One individual in VACO
(bird #55611) shifted its home range into a new
area of activity following the introduction of cattle
into the pasture (Fig. 2). After 19 d of monitoring,
this bird shifted its core area by 1.3 km where it
remained for another 20 d before its transmitter
failed. During these 20 d, the bird revisited it
previous range once (Fig. 2).
Habitat selection
We found that our global model (AICc ¼ 1232.1,
Rm2 ¼ 0.87) for third-order pipit habitat selection
performed better than the null model using our full
(DAICc ¼ 128.55, DRm2 ¼ 0.66) and subsetted
datasets. The 95% confidence intervals did not
overlap zero for bare ground or ‘‘other’’ cover in
global or subsetted data but overlapped zero for all

other covariates included in the model. The 95%
confidence intervals for forb cover2 and grass
height2 in the global models also did not overlap
zero in the global model (Fig. 3A) but overlapped
zero in a proportion (80% and 10%, respectively)
of our subsetted models, indicating the skewed
dataset likely influenced the perceived importance
of these covariates in the global model. Pipits
selected for more bare ground (b ¼ 0.71; CI ¼
0.46, 0.96) and less ‘‘other’’ cover (b ¼1.79; CI ¼
2.76, 0.82) than what was available on the
landscape. We present mean, maximum, and
minimum values of vegetation cover and height
for selected versus available habitat (Table 2).

Discussion
Home range size for wintering Sprague’s Pipits
Sprague’s Pipits monitored in this study maintained winter home ranges that varied from 6.6 to
22.9 ha and averaged 11.4 ha. These areas are
larger than breeding territories of Sprague’s Pipits,
which range from 0.1 to 6.4 ha and averaged 1.7–
1.9 ha depending on habitat type (Fisher and Davis
2011, Jones 2011). Pipit winter home range
estimates are also generally larger than those of
wintering radio-tagged Baird’s and Grasshopper
sparrows (x̄ ¼ 3 ha and 3.5 ha, respectively;
Strasser et al. 2018) and smaller than Vesper
Sparrows (Pooecetes gramineus; x̄ ¼ 31 ha and
108 ha during 2 winters; Macı́as-Duarte and
Panjabi 2013b). This highlights potential differences in space use of various species in Chihua-
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Figure 2. Radio-tagged Sprague’s Pipit (Anthus spragueii) locations, home ranges (95% isopleths), and core areas (50%
isopleths) generated with kernel density estimators within the Janos, Valle Colombia, and Cuchillas de la Zarca Grassland
Priority Conservation Areas during winters 2014–2015, 2015–2016, and 2016–2017. Color gradations of location points for
pipits used in home range analysis represent date; points get darker with later dates. Polygon color represents individual bird
home ranges (95% kernel density estimates) and text represents bird IDs associated with polygons.
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Figure 3. Results of mixed model logistic regression of
Sprague’s Pipit habitat selection in the Chihuahuan Desert in
Mexico, including cline plots of subsetted raw data points
and modelled regression line for (A) scaled parameter
estimates from global model and bare ground cover, and (B)
cline plot of subsetted raw data points and modelled
regression line for bare ground and other cover.

huan Desert grasslands and should be a consideration for conservation and management.
It is possible that a proportion of wintering
pipits do not establish winter territories or are

capable of shifting their home range over the
course of the winter (Brown and Long 2007). Two
of our 12 tagged birds may have left the study area
and one bird moved into a new area. It is possible
that initial habitat used by these birds was of
subpar quality (Smith et al. 2011) or that these
movements reflected individual qualities such as
age or physiological state (Brown and Long 2007),
or were in response to disturbance, specifically
livestock movements (as was likely with the
tagged pipit that moved to a new area). The
conditions of Chihuahuan Desert grasslands can
vary spatially and temporally both within a single
winter (e.g., due to rainfall or grazing) and across
multiple years due to variation in local precipitation (Reichmann et al. 2013). Behavioral plasticity
can promote local and regional movements in
birds in response to a changing environment that
may benefit survival across seasons and years
(Wong and Candolin 2015) and this vagility has
been well documented in breeding grassland birds
(Jones et al. 2007, Williams and Boyle 2017,
Wilson et al. 2018). Thus, conservation of larger
tracts of land on the wintering grounds to account
for variation in grassland conditions across years
as well as to accommodate bird movements within
a winter could benefit grassland birds such as
Sprague’s Pipits. There remains the need to
identify minimum area requirements and patterns
of area sensitivity for wintering Sprague’s Pipits to
help guide grassland management in the Chihuahuan Desert. On the breeding grounds, Sprague’s
Pipits are area sensitive and larger grassland patch
size is an important determinant of pipit abundance
(Davis 2004). Individual home ranges and area
requirements may be larger on the wintering

Table 2. Mean values for available and selected vegetation variables and parameter estimates for logistic regression model
covariates exploring habitat selection by Sprague’s Pipits in northern Mexico.
Vegetation covariate

Mean available (min, max)

Mean selected (min, max)

bare ground cover (%)
forb height (cm)
forb cover (%)
forb cover2
grass height (cm)
grass height2
grass cover (%)
shrub height (cm)
shrub cover (%)
other cover (%)

55.21 (0, 100)
8.65 (0, 102)
0.95 (0, 35)
NA
17.31 (0, 95)
NA
35.77 (0, 99.5)
23.03 (0, 300)
0.92 (0, 40)
7.25 (0, 84)

71.46 (15.5, 97.5)
10.55 (0, 62)
0.92 (0, 5)
NA
15.03 (6, 38)
NA
25.78 (0, 83)
13 (0, 78)
0.31 (0, 6.5)
1.64 (0, 13)
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Parameter estimate (95% CIs)

0.71
0.09
1.46
5.54
1.16
1.7

(0.46, 0.96)
(0.1, 0.28)
(0.63, 2.29)
(9.2, 1.89)
(0.28, 2.04)
(2.89, 0.52)
NA
0.29 (0.59, 0.01)
0.47 (1.13, 0.19)
1.79 (2.76, 0.81)
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grounds than the breeding grounds as a consequence of patchily distributed resources during
winter (e.g., food, vegetation that provides thermal
refuge; Chapman et al. 1993, Singh et al. 2011).
However, identification of area requirements for
this species and how they relate to food availability, habitat, and surrounding landscape features on
the wintering grounds will require further study.
Winter habitat selection in radio-tagged
Sprague’s Pipits
We found that tagged Sprague’s Pipits selected
areas with more bare soil (i.e., less grass cover)
than was available within the study area. Pipits
also used areas with less ‘‘other’’ cover, including
duff, litter, animal excrement, and rocks. Our
results also suggested that pipits may prefer a
specific range of grass height, however our small
dataset likely limited our ability to detect this
trend. Collectively, our findings and those of
previous work indicate a preference for shortstatured and sparsely vegetated or patchy (i.e.,
patches of bare ground) grasslands on the
wintering grounds. For example, wintering pipits
are more abundant and in higher densities in
tallgrass and coastal prairies that have been burned
or grazed (Hovick et al. 2014, Saalfeld et al. 2016),
areas that are characterized by lower vertical
structure. Similarly, wintering Sprague’s Pipits
are more abundant in Chihuahuan Desert grasslands with short to medium grass (Macı́as-Duarte
et al. 2009, Pool et al. 2012). Pipits have also been
documented in areas with shorter vegetation such
as golf courses, airports, and recreational fields
(Muller et al. 2018). Conversely, breeding
Sprague’s Pipits prefer grasslands of moderate or
intermediate vegetation height with low amounts
of bare ground (Dechant et al. 2001, Jones 2010,
Fisher and Davis 2011).
Sprague’s Pipit preference for short, sparse areas
within grasslands on the wintering grounds could
be adaptive; increased grass cover could decrease
predator detection (Whittingham and Evans 2004)
or impede escape, or foraging efficiency may
increase in open areas. Sprague’s Pipits often take
flight to evade predators and dense grass and
shrubs could hinder this behavior. Likewise,
wintering Lark Buntings (Calomospiza melanocorys; Lima 1990), Smith’s Longspurs (Calcarius
pictus; Holimon et al. 2012), and Chestnut-

collared Longspurs (Calcarius ornatus; Pulliam
and Mills 1977) often forage away from cover,
which may aid in an aerial escape. Sprague’s Pipits
are both insectivorous and granivorous on the
wintering grounds; however, diet is not well
documented (Davis et al. 2014). Bare ground with
less litter or rocks or shorter grass may facilitate
foraging for invertebrates and seeds (Moorcroft et
al. 2002). For example, increased bare ground in
lowland agricultural grasslands is associated with
the presence of insectivorous birds during winter
(Perkins et al. 2000) as is shorter grass, possibly
because of easier access to soil-dwelling invertebrates (Atkinson et al. 2004). Similarly, in
granivorous desert-dwelling birds, litter can decrease seed detection and extraction (Cueto et al.
2013). We found that our pipits selected areas with
less ‘‘other’’ cover, a category that included litter, a
feature that has previously been negatively associated with wintering (Hovick et al. 2014, Saalfeld
et al. 2016) and breeding (Dechant et al. 2001)
pipits. Despite facilitating easier access to insects
and seeds, a preference for more bare ground and
less litter (as well as less animal excrement) could
come at the cost of food abundance (Vickery et al.
2001). This tradeoff could influence the size of
Sprague’s Pipit home ranges in winter (Rolando
2002). Larger home range requirements when
compared with the mostly granivorous Baird’s
Sparrow (Titulaer et al. 2017) could reflect pipit
preference for invertebrates such as spiders,
termites, and ants. Seeds in the Chihuahuan Desert
may not be limiting for grassland birds (Pulliam
and Mills 1977); however, arthropod biomass is
generally low in desert grasslands and insect
activity levels drop during periods of colder
temperatures (Whitford et al. 1995). Further
information on pipit diet and food availability
during winter could lead to a more thorough
understanding of winter habitat quality and area
requirements for pipits.
Although past studies indicate that pipits occupy
areas with more grass cover at large scales
(second-order selection; e.g., Macı́as-Duarte et al.
2009, Pool et al. 2012), our study did not find that
tagged pipits selected for dense grass on the finer,
third-order scale within grasslands, although the
sample size from which we derived these conclusions was small. Together these results suggest that
pipits select grassland landscapes characterized by
extensive grass cover (second order) but may
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select for patches of bare ground or sparser
vegetation within these grasslands (third order).
Indeed, at the VACO and JANOS study sites,
much of the habitat used by pipits was characterized by large areas of bare ground between patches
of native grass (e.g., Bouteloua spp., Bothriochloa,
Aristida spp., Panicum spp.), a feature that could
be managed for on the landscape to benefit pipits
as has been the case for various open habitat
species (Schaub et al. 2010, Schmidt et al. 2017).
Further studies should aim to identify the ideal size
and layout of bare ground patches in order to
provide guidance for land managers.
Selection of areas with more bare soil and thus
less grass cover may not imply any direct benefits
because habitat use does not necessarily reflect
habitat quality (Johnson et al. 2011). However, the
birds we tracked for the longest period of time
were selecting for bare ground within the study
areas and survived the duration of monitoring,
suggesting that habitat quality used by these
individuals was high (Johnson 2017). Nonetheless,
it is important to note that our dataset is limited in
sample size, and results of this study are presented
as a foundation of baseline knowledge upon which
additional studies on microhabitat use, movements, and survival may be developed and
considered. Tagging a larger number of individuals
over more years and sites to capture movement
patterns and habitat use over a range of conditions
(e.g., wet vs. dry years or grazing pressure) will
provide a broader picture of the wintering ecology
and survival of Sprague’s Pipits.
Further, this study does not fully address the
relevance or importance of shrubs in home ranges
due to the difficulty in assessing these rare, small
features across large landscapes. Shrubs are known
to be influential features to birds in open
landscapes (Pulliam and Mills 1977, Ellison et
al. 2013, Macı́as-Duarte and Panjabi 2013a,
Macias-Duarte et al. 2017), including Sprague’s
Pipits (Macı́as-Duarte et al. 2009, Pool et al. 2012,
Muller et al. 2018). Shrub encroachment is an
increasing threat in Chihuahuan Desert grasslands
(Laliberte et al. 2004) and it has likely contributed
to loss of grassland birds. However, within our
study areas shrub cover was generally low (Table
2), limiting our ability to detect if pipits avoided
shrubs. Additional effort is warranted in quantifying this type of cover and structure for future
endeavors to explore the influence of shrubs at
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different spatial scales. Estimates of vegetation
parameters including shrub-related variables may
be improved by including remotely sensed variables collected with satellites and unmanned
aircraft systems at different spatial scales (Cunliffe
et al. 2016, Lorah et al. 2018).
Increased habitat heterogeneity (including some
bare ground cover) that accommodates the needs
of various species may be key to ongoing support
and conservation of grassland birds (Fuhlendorf et
al. 2006). Generally, heterogeneity in grassland
landscapes created by grazing, fire, or soil type can
increase grassland biodiversity (Gordon 2000,
Fuhlendorf et al. 2006, Hovick et al. 2015, Wang
et al. 2015) and this generalization extends to
wintering grassland birds (Hovick et al. 2014).
Grassland birds are one of the steepest declining
guilds of North American avifauna (Sauer et al.
2017) and most migratory species winter in the
Chihuahuan Desert (NABCI 2016). Specialism to
grasslands on the wintering grounds is strongly
associated with these negative population trends
(Correll et al. 2019), therefore identification of
fine-scale habitat preferences for individual species
that winter in the Chihuahuan Desert is imperative
to effectively conserve and restore grasslands. Our
results indicating that wintering Sprague’s Pipits
prefer more bare ground at the small scale oppose
those of radio-tagged Baird’s Sparrows, which
prefer denser and taller grass (Macı́as-Duarte et al.
2017, Strasser et al. 2018), yet the 2 species are
often found in close proximity to one another in
the Chihuahuan Desert grasslands and at a larger
scale respond similarly to habitat structure (Pool et
al. 2012). This suggests that although they rely on
different microhabitat conditions, both may find
suitable habitat in a structurally diverse grassland
with areas of bare ground interspersed among
patches of dense grass.

Conclusion
In an era of changing climate and environment,
understanding habitat needs of declining species
is essential to their ongoing conservation. Our
results in the context of previous studies highlight
that a one-size-fits-all approach to grassland bird
conservation may not be fully effective at
conserving diverse grassland bird assemblages
on their Chihuahuan Desert wintering grounds
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due to differential habitat use at smaller scales.
Rather than focusing on managing for grasslands
of select species with dense grass cover (currently
a consequence of many grazing operations;
Fuhlendorf and Engle 2001, Becerra et al. 2017,
Sliwinski et al. 2018), management strategies that
address requirements for a range of grassland bird
species will create structurally diverse and
heterogeneous grasslands. A robust, longer-term
study is needed to corroborate the conclusions
presented in this paper and to further understand
drivers and consequences of space-use patterns to
inform conservation strategies for the long-term
persistence of this species in North American
grasslands.
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