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ABSTRACT. The post-fledging period is a critical life stage for young grassland birds. Habitat selection by
recently fledged birds may differ from that of adults and may change as juveniles transition from the care and
protection of parents to independence. To describe patterns of habitat selection during these important life stages,
we studied habitat use by juvenile Grasshopper Sparrows (Ammodramus savannarum) in a Conservation Reserve
Program grassland in Maryland. We used radio-telemetry to track daily movement patterns of two age classes of
Grasshopper Sparrows during the post-fledging period. Sparrows were classified as either dependent (<32-d-old)
or independent (�32-d-old). We characterized the vegetation at 780 vegetation plots (390 plots where birds were
located and 390 paired random plots). Microhabitats where dependent birds were found had significantly more bare
ground, litter, and plant species richness than paired random plots. In addition, dependent birds were found in plots
with less bare ground, more warm-season grass cover, more total vegetation cover, and more forb cover than plots
used by independent birds. Plots where independent birds were located also had significantly more bare ground
than random plots. Dependent birds are less able to escape from predators because their flight feathers are not fully
grown so they may benefit from remaining in areas of greater vegetation cover. However, juveniles transitioning
from dependence to independence must forage on their own, possibly explaining their increased use of more open
areas where foraging may be easier. To properly manage habitat for grassland birds, management strategies must
consider the changing needs of birds during different stages of development. Our results highlight the importance
of diverse grassland ecosystems for juvenile grassland birds during the transition to independence.

RESUMEN. El uso del hábitat y patrones de movimiento por dependientes e independientes
Ammodramus savannarum floridanus jóvenes en el perı́odo después de dejar el nido

El peŕıodo después de dejar el nido es una etapa cŕıtica de la vida de las aves jóvenes de pastizal. Selección de
hábitat por aves que recién dejaron el nido pueden diferir en el uso del hábitat de los adultos y puede cambiar a
medida cuando los jóvenes pierden la atención y protección de los padres en la transición a la independencia. Para
describir los patrones del selección de hábitat durante las etapas importantes de la vida, se estudió el uso del hábitat
por Ammodramus savannarum floridanus jóvenes en un pastizal Conservation Reserve Program en Maryland, EEUU.
Se utilizó la radio telemetŕıa para rastrear los patrones de movimiento diario de dos clases de edad de A. savannarum
floridanus durante el peŕıodo después de dejar el nido. Gorriones fueron clasificados como dependientes (< 32 dı́as
de vida) o independientes (� 32 dı́as de edad). Hemos caracterizado la vegetación en 780 parcelas de vegetación (390
parcelas donde se encontraban las aves y 390 emparejados parcelas al azar). Los micro hábitats, donde se encontraron
las aves dependientes, tenı́an significativamente más suelo desnudo, hojarasca, y un mayor riqueza de especies de
plantas en comparación con las parcelas al azar pareados. Además, las aves dependientes fueron encontrados en las
parcelas con menos suelo desnudo, más cobertura de pasto de temporadas calientes, mas cobertura de vegetal, y más
cobertura de hierbas en comparación con las parcelas utilizadas por las aves independientes. Las parcelas donde se
encontraron las aves independientes también tenı́an el suelo significativamente más desnudo que las parcelas al azar.
Aves dependientes tienen menos capacidad de escapar de los depredadores porque sus plumas de vuelo no se han
desarrollado completamente, entonces los aves dependientes se puedan beneficiarse de quedar en las zonas de mayor
cobertura vegetal. Sin embargo, los jóvenes en transición de la dependencia a la independencia deben alimentarse
de manera independiente, lo cual quizá explique el incremento del uso de las zonas más abiertas donde el forrajeo
puede ser más fácil. Para gestionar adecuadamente el hábitat para las aves de pastizal, las estrategias de gestión deben
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tener en cuenta las cambiantes necesidades de las aves durante las diferentes etapas de desarrollo. Nuestros resultados
resaltan la importancia de los diversos ecosistemas de pastizales para las aves jóvenes de pastizal durante la transición
a la independencia.

Key words: Ammodramus savannarum, grassland birds, habitat restoration, habitat selection, radio telemetry

The post-fledging period, broadly defined as
the time between when a bird leaves a nest
and when it migrates or settles in a wintering
area, is a critical life history phase and probably
the most challenging time in a young bird’s
life (Berkeley et al. 2007, Suedkamp Wells
et al. 2008, Anthony et al. 2013). It is also
generally the least studied and least understood
life stage in songbirds (Vega Rivera et al. 1998,
Fisher and Davis 2011). This period includes
a dependent stage, when juveniles still receive
parental care, followed by an independent stage.
To survive and achieve independence, juveniles
must become self-sufficient at finding food
and shelter and avoiding predators (Kershner
et al. 2004, Berkeley et al. 2007, Hovick
et al. 2011).

Characteristics of the vegetation of na-
tal home ranges can influence survivorship
of fledgling grassland birds. For example,
Berkeley et al. (2007) found increased sur-
vivorship of fledgling Dickcissels (Spiza amer-
icana) that used areas with denser vegetation
and greater forb cover. Juvenile grassland birds
may seek out areas with greater plant species
diversity and greater food availability (e.g., more
invertebrates; Burger et al. 1990). Predation risk
may also influence microhabitat use by juvenile
birds (Pulliam and Mills 1977), which may
explain the tendency of recently fledged Botteri’s
Sparrows (Aimophila botterii) to be found in
taller vegetation than at nest sites (Jones and
Bock 2005). Birds in areas with dense vegetation
cover have been shown to be less vulnerable
to predation (Watts 1990, Suedkamp Wells
2005). Thus, microhabitats used by dependent
and independent juvenile birds for foraging
and movement may affect daily survivorship
(Suedkamp Wells et al. 2007).

Little is known about the post-fledging ecol-
ogy of grassland birds, particularly grassland-
obligate species. In addition, most research
has focused on the dependent stage (Yackel
Adams et al. 2006, Berkeley et al. 2007,
Hovick et al. 2011), with few studies conducted
during the independent stage (Kershner et al.
2004, Suedkamp Wells et al. 2008). These
latter studies report increasing movement with

increasing fledgling age, particularly for inde-
pendent juveniles. However, no one to date
has compared habitat use by dependent and
independent grassland fledglings, or compared
habitat use by fledglings at either stage to that
of adults. Therefore, we examined microhabitat
use by both dependent and independent juvenile
Grasshopper Sparrows. Our objectives were to
determine if birds selected specific microhab-
itats, and if habitat use changed during the
transition from dependence to independence.
We hypothesized that as juvenile Grasshopper
Sparrows become independent their habitat re-
quirements change, which may be an important
factor influencing juvenile survival. Understand-
ing the habitat preferences of juvenile grassland
birds during these early life stages may provide
important information about resource use by
grassland birds, and can potentially inform land
managers about the habitat requirements of
grassland birds.

METHODS

We conducted our study on a 91.7-ha
Conservation Reserve Program warm-season
grassland at the Chester River Field Research
Station (CRFRS) in Queen Anne’s County,
Maryland (39.23°N, 76.00°W). The grassland
was planted in 1999 in an experimental design
with eight warm-season and two cool-season
grasses creating areas of short, medium, and
tall vegetation. Twelve fields, with six paired
replicates, ranging in size from 8 to 14 ha
were planted with a combination of three
grass species to establish a mosaic of different
stature heights across the grassland. Grasses
planted included big bluestem (Andropogon
gerardii), switchgrass (Panicum virgatum),
coastal panicum (Panicum amarum), eastern
gamagrass (Tripsacum dactyloides), Indian
grass (Sorghastrum nutans), little bluestem
(Schizachyrium scoparium), sideoats grama
(Bouteloua curtipendula), and deer-tongue
(Dicanthelium clandestinum). Twenty-four
annual and perennial forbs were also included
in the planting mixtures. This planting
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design created a gradient of microhabitats
throughout the grassland that is representative
of a range of other CRP warm-season grasslands
in the region (USDA 2011, 2014). The man-
agement regime included prescribed burning
on a 3-yr rotation from 2000 to 2010 and then
a 2-yr rotation beginning in 2011. Herbicides
have been used to control noxious weeds as
needed. Parts of this grassland have now become
dominated by two aggressive tall warm-season
grasses: big bluestem and switchgrass. More than
260 species of plants have been documented
in the grassland since restoration began (Gill
et al. 2006). For a comprehensive description
of the experimental planting regime and bird
colonization of these restored grasslands, see
Gill et al. (2006). Intensive row crop agriculture
(e.g., corn, soybeans) and mixed deciduous
woodlots dominate the surrounding landscape.

Bird handling and radio-tracking. Juve-
nile Grasshopper Sparrows were captured and
banded through a combination of nest search-
ing and passive mist-netting. Nest searching
was conducted daily from May to August
2011–2012. Nests were located using systematic
searches, behavioral cues, and rope dragging
(Koford 1999). We monitored each nest every
3–4 d until the nest failed or nestlings fledged.
Nestlings were banded with a USGS band at
approximately 6-d-old (2–3 d prior to fledg-
ing). Passive mist-netting was conducted daily
during the breeding season to recapture previ-
ously banded known-age nestlings and attach
radio transmitters (Gill et al. 2006, Anthony
et al. 2013).

Each juvenile sparrow was classified as either
dependent (<32-d-old) or independent (�32-
d-old) based on Vickery’s (1996) report that in-
dependent juvenile Grasshopper Sparrows were
observed in conspecific flocks 3 to 4 weeks
after fledging in Florida. Thirty-two days after
hatching in our study (day 1 was set at hatch
date) was the median between 3 and 4 weeks
of age post-fledging (day 1 equaled fledge date
in the Florida study). For the dependent-age
subset, one 6- to 8-d-old nestling from each
nest (N = 18) was selected at random for
tracking. Only one nestling was tracked per nest
to ensure independence of marked individuals
(Kershner et al. 2004, Berkeley et al. 2007,
Hovick et al. 2011). For the independent-age
subset, previously banded nestlings � 32-d-old
were selected for tracking.

Transmitters (model LB-2X, Holohil Sys-
tems, Carp, Ontario, Canada, 0.31 g with an
average battery life of 21 d, or model A2412,
Advanced Telemetry Systems, Isanti, MN, 0.3
g with an average battery life of 18 d) were
attached using a figure-8 leg harness (Rappole
and Tipton 1991). Harness material was 0.5-
mm-diameter white thin beading cord elastic
(Prym Consumer, Spartanburg, SC). Transmit-
ters weighed <3% of the birds’ body mass and
harnesses were designed to allow for additional
growth after attachment. A small drop of glue
was placed on the bottom of transmitters to
secure harnesses to the lower back feathers before
placing nestlings back in nests (Suedkamp Wells
et al. 2008).

We tracked each radio-tagged bird twice a day
using a hand-held receiver (model R410, Ad-
vanced Telemetry Systems, Isanti, MN) with a
Yagi five-element directional antenna (Advanced
Telemetry Systems). Tracking times ranged be-
tween 07:00 and 19:00 EDT and the same bird
was not tracked at the same time of day on
consecutive days. We used the homing method
to attempt to visually locate marked birds (Mech
1983). We slowly approached the general area
of marked birds to minimize disturbance and
determine their location. If a bird did not flush,
which is typical of recently fledged birds (DMS,
pers. observ.), we detached the cable connecting
the antenna and held the end of the cable a few
feet above the vegetation until we located the
bird. If a bird flushed and we did not see it, or we
suspected a bird was running along the ground,
we did not take vegetation measurements at that
location. Once a bird was located, we used a
hand-held global positioning system unit (GPS,
Garmin GPS72) to determine its coordinates
and marked the location with a flag. For birds
that flushed, we assumed that they had not
moved from their original location and placed
the flag at the flush location. Analysis of daily
movement patterns was restricted to morning
tracking periods only (07:00–12:00).

Vegetation measurements. Habitat fea-
tures were measured using 1-m2 quadrats at
bird locations (bird plots) as well as at paired
randomly selected locations (random plots).
Vegetation of both bird and random plots
was measured on the same day. Random plots
were located from 1 to 75 m from bird plots
in a random direction (0–360 degrees); ran-
dom numbers for distances and directions were
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generated in Microsoft Excel (Version 2010)
using a random number generator. We chose
a maximum distance of 75 m to ensure that ran-
dom plots were in the same general vegetation
type as the paired bird plots. If unsuitable habitat
(e.g., woodlot or hedgerow) was encountered at
a random plot location, another random plot
was chosen.

At each bird location and random point, we
recorded the percent cover of bare ground, litter,
warm season grasses, forbs, and total vegetation.
We also recorded litter depth (measured in the
northwest corner of the quadrat), height (cm) of
tallest live plant, species richness (species/m2),
and vertical density. Cover estimates were non-
overlapping and summed to 100%. Vertical
density was quantified by recording the height,
from the four cardinal directions, at which a
Robel pole was 100% obscured when viewed
from a distance of 4 m away at a height of 1
m above ground (Robel et al. 1970). Average
vertical density per plot was calculated from the
four measurements for each plot.

Statistical analyses. Because our goal was
to describe the vegetation characteristics of sam-
pling plots, we considered the plots as experi-
mental units and vegetation variables as response
variables. We converted the date of the survey
into a continuous variable representing days
after 1 June. To ensure that sampling plots did
not overlap and to improve independence of the
plots, we deleted bird plots <5 m apart (based on
GPS coordinates) from the analysis in ArcMap
10 (ESRI 2011).

To model each vegetation variable, we used
the lme function in the nlme package (Pinheiro
et al. 2013) in R (R Development Core Team
2013), which fits linear mixed-effects models
and allows for nested random effects. We created
a variable containing a unique identification
number for each bird (Bird ID) and included
Bird ID as a random effect in all models to
account for variation due to individual bird
effects. We considered adding year as a random
effect, but found no evidence that adding a year
effect improved the models.

To compare vegetation variables between bird
and random plots, we took the difference be-
tween the bird and random plots for each pair
of vegetation measurements, used the differences
as response variables, and included only an
intercept term as an explanatory variable. If
the intercept was significantly different from

zero, we interpreted the vegetation variable to
be different between the bird and random plots.
Because the vegetation of each pair was measured
on the same day, using the differences from the
pairs as response variables directly controlled
for the survey date and for differences among
pairs due to changes in grassland vegetation
during the growing season. We tested for dif-
ferences in vegetation variables between plots
where dependent (< 32-d-old) and independent
(�32-d-old) birds were observed, treating bird
age as a categorical variable (age class: dependent
or independent). All models comparing vegeta-
tion variables between age classes included the
survey date (days after 1 June) as a covariate to
account for differences in vegetation during the
growing season. In some cases, residuals of the
models were non-normally distributed and/or
the residual variances were not homogeneous,
violating the assumptions of the models. In
such cases, we included either a fixed weight
or constant variance structure to improve the
fit of the models (Zuur et al. 2009). For models
comparing age classes, we tested for spatial auto-
correlation by examining semi-variograms with
the Variogram function. If there was evidence
of spatial autocorrelation, we added either a
Gaussian, exponential, or spherical correlation
structure to the model. The choice of variance
structures and correlation structures was based
on choosing the model with the lowest AIC
value (Zuur et al. 2009).

RESULTS

We attached radio-transmitters to 18 depen-
dent and 10 independent Grasshopper Sparrows
during the breeding seasons of 2011–2012.
Young came from 24 different territories with
different parents. Two independent siblings were
tracked in 2011, and two siblings were tracked
(one dependent and one independent) in 2012.
Six dependent birds were excluded from the
vegetation analysis (four died and two lost
transmitters). Of birds that fledged, 15 of 18
(83.3%, two deaths and one unknown fate)
dependent birds survived the duration of the
tracking period as did all independent birds. The
mean number of days tracked per bird was 15
(range = 4 – 22) for dependent birds and 13
(range = 3 – 27) for independent birds, for
a total of 267 tracking days. Nine birds were
tracked for <10 d either because of transmitter

https://www.researchgate.net/publication/278028778_Mixed_Effects_Models_and_Extensions_in_Ecology_With_R?el=1_x_8&enrichId=rgreq-006dc66f41ac55ac44e9578a405c6af5-XXX&enrichSource=Y292ZXJQYWdlOzI3MjgxOTY2MDtBUzozNzEwOTkwMjA4NzM3MzFAMTQ2NTQ4ODMwOTc0OQ==
https://www.researchgate.net/publication/278028778_Mixed_Effects_Models_and_Extensions_in_Ecology_With_R?el=1_x_8&enrichId=rgreq-006dc66f41ac55ac44e9578a405c6af5-XXX&enrichSource=Y292ZXJQYWdlOzI3MjgxOTY2MDtBUzozNzEwOTkwMjA4NzM3MzFAMTQ2NTQ4ODMwOTc0OQ==
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failure or birds slipping out of their harnesses.
Age ranges were 9–31 d post-hatching (mean =
18 d) for dependent birds and 32–74 d post-
hatching (mean = 48 d) for independent birds.
Average nestling mass of dependent birds was
12.7 g at the time of transmitter attachment
and 13.6 g on the day of fledging. Average mass
of independent birds was 15.6 g and mean age
at the time of transmitter attachment was 42 d.

Our analysis was restricted to 22 juvenile
Grasshopper Sparrows; we tracked 12 depen-
dent birds to 255 vegetation plots and 10
independent birds to 135 vegetation plots. The
mean number of vegetation plots per bird was
21 (range = 6–36) for dependent birds and
14 (range = 4–34) for independent birds.
The mean distance from bird plots to paired
random vegetation plots was 37 m. Overall,
780 vegetation plots (390 bird plots and 390
random plots) were included in our analysis
(Table 1). Microhabitats where dependent birds
were found had significantly more bare ground,
litter, and plant species richness than paired
random plots. Random plots had significantly
greater warm-season grass cover, total vegeta-
tion cover, and vertical density than dependent-
bird plots (Table 1). Plots where independent
birds were located had significantly more bare
ground than random plots. Random plots had
significantly greater warm-season grass cover,
total vegetation cover, and vertical density than
independent-bird plots (Table 1).

Four of the nine vegetation variables modeled
differed with age class. Dependent birds selected
plots averaging 16% less bare ground (t =
4.5, P < 0.001), 11% more warm-season grass
cover (t = 2.7, P < 0.015), 17% more total
vegetation cover (t = 10.1, P < 0.001), and
7% more forb cover (t = 2.3, P < 0.03) than
independent birds. No other vegetation variables
differed between plots used by dependent and
independent juveniles.

Daily movement distances of recently fledged
dependent Grasshopper Sparrows increased
with age (Fig. 1A); average daily distance from
nests was 88.8 m (range = 3.4–1042 m, N =
164). The average distance travelled from the
previous day’s location by dependent birds was
46.3 m (range = 6.1–401.5 m, N = 160), and
was relatively consistent with an overall increase
in distance moved from the previous day’s
location as the birds aged (Fig. 1B). The average
distance moved from the previous day’s location

by independent birds was 146.1 m (range =
5.2–966 m, N = 89) and varied daily (Fig. 1C).
Averaged across birds, daily movement
was greater for independent juveniles than
dependent juveniles (Mann-Whitney U = 121,
N1 = 24, N2 = 27, P < 0.0001). Mean time
interval between bird locations on successive
mornings was 24.0 h (range = 19.1–28.7 h).

DISCUSSION

During the first 2.5 to 3.5 weeks after
fledging, dependent juvenile Grasshopper
Sparrows in our study remained within natal
home ranges. In contrast, independent birds
moved greater distances and traversed neigh-
boring territories on a daily basis. Territorial
males in our population are tolerant of non-
related juvenile Grasshopper Sparrows foraging
throughout their territory (DMS, pers. observ.).
Independent juvenile Grasshopper Sparrows
were more likely to be located at sites with more
bare ground, less warm season grass cover, and
less total vegetation cover than were dependent
sparrows. Few investigators have examined how
habitat use and movement patterns change
across the early life stages of recently fledged
grassland birds (Davis and Fisher 2009, Fisher
and Davis 2011). Our results add to this
relatively sparse literature by identifying an
important transition in habitat preferences for
recently fledged juvenile Grasshopper Sparrows
as they become independent. We assumed that
juveniles made their own choices concerning
habitat use, but acknowledge that parents may
influence habitat use of dependent juveniles to
some extent. More study is needed to determine
how parent birds may influence these choices.

Studies of other grassland birds have shown
how vegetation characteristics influence sur-
vivorship and movement patterns of juvenile
birds, but few have focused on how these vegeta-
tion characteristics may differ between juvenile
age classes. Microhabitat selection by dependent
juvenile Botteri’s Sparrows, for example, was
similar to that of dependent juvenile Grasshop-
per Sparrows in our study, preferring areas with
taller vegetation and less bare ground (Jones
and Bock 2005). In contrast, independent ju-
venile Grasshopper Sparrows were found in
areas with more bare ground and less vegetation
cover, habitat features also characteristic of areas
used by adult Grasshopper Sparrows during the
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Fig. 1. Distances moved by juvenile Grasshopper Sparrows at the Chester River Field Research Station in
Maryland in 2011–2012. (A) Mean daily distance from nests for dependent juveniles, and (B) mean daily
distance moved from the previous day’s location for dependent juveniles (N = 12). (C) Mean daily distance
moved from the previous day’s location for independent juveniles (N = 10).



Vol. 86, No. 1 Habitat Use by Juvenile Grasshopper Sparrows 25

breeding season (Vickery 1996). Although we
did not quantify habitat used by adult Grasshop-
per Sparrows at our study site, other investigators
have found that adults prefer grasslands and
prairies with patchy bare ground (Vickery 1996)
and generally avoid grasslands with shrub cover
greater than 35% (Johnston and Odum 1956).
In West Virginia, adult Grasshopper Sparrows
selected sites with less litter, more bare ground,
and sparser vegetation than unoccupied sites
(Whitmore 1981).

Factors such as food availability and preda-
tor avoidance may influence habitat selection
by juvenile Grasshopper Sparrows during the
post-fledging period. Juvenile birds transition-
ing from dependence to independence must suc-
cessfully forage on their own, possibly explaining
their increased use of more open areas where
foraging may be easier (Fisher and Davis 2011,
Hovick et al. 2011). Independent juveniles must
balance their exposure in more open habitats
where foraging may be easier, with a potentially
increased vulnerability to predators. Predation
risk and the need to forage independently may
thus exert counterbalancing selective pressures;
both Grasshopper Sparrows and their predators
(at least those that hunt visually) may have better
foraging success in relatively open, less vegetated
areas (Fisher and Davis 2011).

Predation is generally the primary cause
of mortality during the post-fledging period
(Yackel Adams et al. 2006, Berkeley et al. 2007,
Suedkamp Wells et al. 2007), particularly within
the first week for fledgling Grasshopper Spar-
rows (Hovick et al. 2011). Because dependent
birds are not foraging on their own, and are
less able to escape predators because their flight
feathers are not fully grown (Anders et al. 1997,
Kershner et al. 2004, Suedkamp Wells et al.
2007, Hovick et al. 2011), they may benefit from
remaining in areas of greater vegetation cover.
However, Jackrel and Reinart (2009) found that
snakes were more common in grassland areas
with denser vegetation. Despite this, birds that
are less mobile typically hide from predators
(Pulliam and Mills 1977), so dependent birds
may have an innate tendency to seek out dense
vegetation to avoid detection.

To properly manage habitat for grassland
birds, management strategies must account for
the changing needs of individuals at different
stages of development. Our results highlight the
importance of diverse grassland ecosystems for

juvenile grassland birds during the transition to
independence when mortality rates are typically
high (Anders et al. 1997, Kershner et al. 2004,
Yackel Adams et al. 2006, Berkeley et al. 2007,
Suedkamp Wells et al. 2007, Fisher and Davis
2011, Hovick et al. 2011). From a management
perspective, simply establishing and managing
habitat for adults may not provide the nec-
essary resources for grassland birds, such as
Grasshopper Sparrows, during other life stages.
Our results suggest that grassland management
strategies should focus on creating a diversity of
plant structure throughout restored or managed
grassland habitats, and on maintaining areas of
open ground alongside areas of thicker vege-
tation to accommodate habitat needs of both
juveniles and adults.
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