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Abstract.—We investigated territory-level habitat use patterns of  color-banded male Ovenbirds (Seiurus aurocapilla) over a
-year period at Hawk Mountain Sanctuary in eastern Pennsylvania. Our primary goals were to test hypotheses concerning selection
behavior as well as to describe territory ﬁdelity of an area-sensitive Neotropical migrant by quantifying year-to-year movements of
individuals over a period equivalent to several generations. Furthermore, we tested whether returns and territory shifts were associated
with prior reproductive success and bird age. We measured occupancy as the number of birds that occupied -m grid cells that
covered two -ha study sites over the -year period and similarly calculated rates of reproductive success within each grid cell. Rates
of reproductive success were generally high (>%) and were not correlated with occupancy rates. Return rates also were high, and
birds rarely moved far from their ﬁrst territory (mean =  m) during their lifetimes. There was no relationship between site ﬁdelity
and past reproductive success, but shift distances decreased with age. Our results diﬀered from past studies that found a relationship
between breeding dispersal and past reproductive success for species in a number of habitats. High territory ﬁdelity regardless of past
reproductive performance may represent a general case for songbirds breeding in homogeneous, high-quality habitats in which sources
of failure are infrequent and unpredictable. In such cases, the potential beneﬁt of moving may not outweigh the costs, and being able to
obtain and maintain a territory may be of prime importance. Received  August , accepted  July .
Key words: decision rules, occupancy, Ovenbird, Seiurus aurocapilla, site ﬁdelity, territory ﬁdelity, territory shift.

Fidelidad al Sitio y Consistencia Territorial durante la Vida en Seiurus aurocapilla en un Bosque Continuo
Resumen.—Investigamos los patrones de uso de hábitat en el nivel de territorio de  individuos machos de Seiurus aurocapilla
marcados con anillas coloridas durante  años en el santuario Hawk Mountain en el este de Pennsylvania. Nuestros principales objetivos
fueron poner a prueba hipótesis sobre el comportamiento de selección, así como describir la ﬁdelidad a los territorios de un ave migratoria
neotropical sensible a la reducción de tamaño del hábitat, mediante la cuantiﬁcación de los movimientos año a año de los individuos durante
un período equivalente a varias generaciones. Además, probamos si los retornos y los cambios de territorio, se asociaron con el éxito antes
de la reproducción y con la edad de las aves. Medimos la ocupación como el número de aves que ocupan una celda de una cuadricula de
-m que cubre dos sitios de estudio de  ha durante un período de  años y también calculamos las tasas de éxito reproductivo dentro
de cada celda de la cuadrícula. Las tasas de éxito reproductivo fueron generalmente elevadas (> %) y no se correlacionaron con las tasas
de ocupación. Las tasas de retorno también fueron altas, y las aves se movieron rara vez lejos de su primer territorio (media =  m) durante
su vida. No hubo relación entre la ﬁdelidad al sitio y el éxito reproductivo pasado, pero las distancias de desplazamiento disminuyeron
con la edad. Nuestros resultados diﬁrieron de estudios anteriores que encontraron una relación entre la dispersión reproductiva y el éxito
reproductivo pasado para diferentes especies en una serie de hábitats. Una alta ﬁdelidad al territorio, independientemente del desempeño
reproductivo en el pasado puede representar un caso general para las aves canoras que se reproducen en hábitats homogéneos y de alta
calidad en los que las posibilidades de fracaso son escasas e impredecibles. En tales casos, el beneﬁcio potencial de moverse no compensa el
costo, y ser capaz de obtener y mantener un territorio puede ser de gran importancia.
Resource variation among and within habitats can inﬂuence
the reproductive performance of individuals and populations, resulting in trends whereby habitats with a favorable combination of
resources are consistently more productive over time. Thus, there
3

is considerable selective pressure on highly mobile organisms
for the ability to assess conditions and make habitat choices that
maximize ﬁtness (Fretwell and Lucas ). Additionally, individuals that survive multiple years may make adjustments between
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seasons as they decide whether to reuse sites and speciﬁc territories that they occupied previously or disperse in search of a better locale (Hoover , Howlett and Stutchbury , Morton
).
Cases in which migratory birds returned to previous territories after drastic habitat alterations (Hildén , Wiens et al.
) have led some researchers to consider site ﬁdelity a rigid behavior that counteracts “ideal” habitat selection in older individuals (Johnson ). However, there is strong evidence that the
decision to return or move away (disperse) from a former site is
the result of adaptive responses to habitat conditions. Reusing a
former territory reduces search costs (Stamps et al. ), such
as a higher risk of mortality during the search period or reduction in available time that could have been allocated to breeding
activities. In addition, familiarity may enable individuals to use
resources more eﬃciently and provide other advantages, assuming that habitat conditions are relatively stable over time (Greenwood and Harvey ). However, for individuals that occupy
low-quality sites, it may be beneﬁcial to endure search costs to ﬁnd
a better location. In any case, the probability of dispersing to a new
territory or returning to the territory used previously should be
related to the cost of movement in relation to the beneﬁts gained
(Switzer ).
The “decision rules” hypothesis states that birds use past experience to decide which strategy to employ, thus explaining observations that birds that fail to produce young during one year
return to the same breeding site the next year at lower rates or disperse farther than birds that bred successfully (Harvey et al. ,
Weatherhead and Boak , Gavin and Bollinger , Payne
and Payne , Catlin et al. ). Experiments that manipulated breeding success provide strong support for a causal link between failure and dispersal (Bollinger and Gavin , Haas ,
Hoover ). However, other observational studies have failed
to show this relationship (e.g., Krebs , Bédard and LaPointe
). Switzer () suggested that whether an individual should
move to a new territory following reproductive failure or return to
a territory used previously should depend on both the predictability of the reproductive outcome (e.g., poor territories were consistently worse than good territories), the variability among available
territories, and the beneﬁts of moving in relation to costs.
There is great interest in understanding habitat use and selection at both a theoretical level and for applied aspects of conservation and management (Pulliam and Danielson , Jones
, Ahlering and Faaborg , Hallworth et al. , Cornell and Donovan ). Habitat use patterns are the end result
of the habitat selection process (Jones ) and consequently
provide insights into habitat selection behavior. We investigated
territory-level habitat use patterns of the Ovenbird (Seiurus aurocapilla) using measures of occupancy (Sergio and Newton ),
reproductive success, and between-year territory movements of
individuals collected over a -year period from a population of
uniquely color-banded males at Hawk Mountain Sanctuary in
eastern Pennsylvania. Our data set allowed us to examine longterm habitat use patterns in individuals of known age and with
known histories of reproductive performance. Our primary goals
were to use this long-term data set to test hypotheses concerning selection behavior as well as to describe territory ﬁdelity behavior of a forest-dependent Neotropical migrant breeding within
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contiguous forest habitat. We did this by quantifying year-to-year
movements of individuals over the course of their lifetimes, and
tested whether returns and territory shifts were associated with
prior reproductive success and bird age.
M ETHODS
Study sites.—Our study was conducted at two forested sites, Owl’s
Head (OH) and River of Rocks (RR), at Hawk Mountain Sanctuary (°′N and °′W) in eastern Pennsylvania (Fig. ). Hawk
Mountain Sanctuary is part of a ,-ha tract of second-growth
mixed deciduous forest that comprises public and private lands.
Hawk Mountain Sanctuary researchers established the study sites
as Breeding Bird Census (BBC) plots in  to monitor bird diversity (Goodrich et al. ). The sites are . km apart and each contains grid points ( and  at Owl’s Head and River of Rocks,
respectively) marked at .-m intervals (Fig. ). The distance
between grid points was established to facilitate spot-mapping
of birds. Owl’s Head ( ×  m, . ha) sits at an elevation
of  m on the southwest-facing mountainside. River of Rocks
( ×  m, . ha) sits on the east-facing side of the ridge and
varies in elevation from  to  m (Goodrich et al. ).
There are considerable structural diﬀerences between sites.
Owl’s Head has a more gradual slope, lower canopy height, higher
shrub density, and more small trees occupying space in the understory than River of Rocks, which has lower vegetative groundcover and higher rock cover. Dominant overstory species at both
sites include Chestnut Oak (Quercus prinus), Red Oak (Q. rubra),
Red Maple (Acer rubrum), Scarlet Oak (Q. coccinea), Sweet Birch
(Betula lenta), and White Oak (Q. alba). Pitch Pine (Pinus rigida),
Eastern White Pine (P. strobus), and Eastern Hemlock (Tsuga
canadensis) occur in low densities. The shrub layer is composed
of Black Huckleberry (Gaylussacia baccata), blueberry (Vaccinium spp.), Sheep Laurel (Kalmia angustifolia), Mountain Laurel
(K. latifolia), and Wintergreen (Gaultheria procumbens). Canopy
trees at both sites range in age from  to  years. Excluding a
.-ha section of OH that was cut in the mid-s, the sites have
remained relatively undisturbed over the past century (Goodrich
et al. ). Bernard () provides a more detailed summary of
the habitat features of the study sites.
Bird surveys.—Hawk Mountain Sanctuary researchers began color-banding male Ovenbirds in  using OH and RR as
control sites for a large-scale study investigating population dynamics in a fragmented landscape (Porneluzi et al. , L. J. Goodrich et al. unpubl. data). Researchers stopped banding at all sites
in  after completion of the forest fragmentation study. Banding resumed at OH and RR in  and data collection continued
through . We chose to use the ﬁnal  years for our study period because the consistency in data collection allowed for comparisons among years, and we avoided complications from the
pause in banding during the  and  seasons. During the
-year study period, there were  banded ( OH,  RR) male
birds with territories on the study sites. In addition, there were 
unbanded male-years ( OH,  RR). The actual number of unbanded males on our sites may have been less than  if unbanded
birds returned multiple years. All but  males were banded as
second-year (SY) birds, so the true number of unbanded males
ranged from  to .
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FIG. 1. Location of Hawk Mountain Sanctuary in eastern Pennsylvania (inset) and Owl’s Head (OH) and River of Rocks (RR) study sites at Hawk
Mountain Sanctuary. Grid points used for spot-mapping censuses are marked in the ﬁeld by ﬂagging tape and labeled alphanumerically.

In Pennsylvania, male Ovenbirds arrive in late April and establish territories before females arrive ~ week later (Porneluzi
et al. , Goodrich et al. ). Researchers captured males
early in the breeding season using mist nets and song playback
accompanied by a wooden decoy. Birds were aged as either SY or
after-second-year (ASY) birds according to plumage coloration
and rectrice shape (Donovan and Stanley , Pyle ). Each
bird received a federal band with three color bands in a unique
combination.
Throughout the breeding season, from May through midJuly, researchers conducted bird surveys during approximately
– hours EST several mornings per week by spotmapping the locations of singing males and observing their
behavior, including singing behavior and border disputes (Bibby
et al. ). Males display territorial behavior throughout the
period of morning song and give chase to intruding males (Hann
, Van Horn and Donovan ). Territories remain ﬁxed
throughout the breeding season, but territorial defense is less
rigorous late in the season when ﬂedglings leave the nest (Hann
, Stenger and Falls ). Each bird survey covered an entire
study site, and observers used grid markings in the ﬁeld (ﬂagging
tape on trees) to plot locations of birds identiﬁed by band combination on a map of the study site (Howlett and Stutchbury ,
Morton ). Researchers visited territories at diﬀerent times of
the morning in case the activity of individuals varied temporally.
Females lay eggs in May, which hatch from late May through
June. Ovenbirds are single-brooded, but they may renest after
failure (Van Horn and Donovan ). Fledglings leave the nest

~ days after hatching and are semidependent for  days (Hann
). During this ﬂedgling period, which spans from mid-June
through mid-July, ﬂedglings can be observed in close association
with parents (Porneluzi et al. ). Researchers visited each territory approximately every  days during the ﬂedgling period and
classiﬁed birds as “successful” if banded adults were observed
feeding, defending, or interacting closely with at least one ﬂedgling (Howlett and Stutchbury , Hallworth et al. ). Thus,
“reproductive success” here refers to the success of the territorial
male over the entire breeding season and is not directly comparable to true nest success, which is based on each nesting attempt
(Mayﬁeld , Dinsmore et al. ). Nevertheless, our measure of success was comparable to other studies that categorized
individuals as successful if any of their nest attempts produced
one ﬂedgling (Bollinger and Gavin , Haas , Howlett and
Stutchbury , Bakermans and Rodewald , Hallworth
et al. ).
Parasitism by Brown-headed Cowbirds (Molothus ater; hereafter “cowbirds”) was not a large threat on the two study sites because cowbirds occurred infrequently. Both sites were surveyed
annually since  using standard Breeding Bird Census spotmapping techniques as part of a long-term monitoring program
(Goodrich et al. ). Cowbirds were absent from OH and found
in very low densities at RR (. + . males  ha–) (D. R. Barber and L. J. Goodrich unpubl.data). Because cowbirds are signiﬁcantly larger than Ovenbird young, they were easy to detect
during ﬂedgling observations and were noted when they were
observed.
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Porneluzi et al. () noted that an estimate of success based
on observations of males during territory visits likely represents
a minimum success rate, given that some individuals with ﬂedglings may move oﬀ study sites and escape detection. To reduce
this bias, we classiﬁed birds as “unsuccessful” only if they were
observed a minimum of three times during the ﬂedgling period
( June– July) and were never observed with ﬂedglings and
showed no other behavioral cues indicating the presence or absence of young. Food-carrying provided insight into breeding status because males without nestlings or ﬂedglings rarely carry food
(Hann , Van Horn and Donovan ). Males without young
were less secretive and less defensive toward humans, and they
often spent more time singing to advertise their territories. Successful birds often used defensive chipping to warn young of intruders, and ﬂedglings often chipped in response to their parents
during the ﬁrst  weeks after leaving the nest (L. J. Goodrich pers.
obs.). These behaviors allowed observers to identify territories on
the study sites to target during later surveys until ﬂedglings were
observed in association with a parent.
We selected the cut-oﬀ of three independent observations
because experience indicated that more observations were rarely
needed to spot birds with ﬂedglings. We visited each site multiple
times per week during the entire breeding season, so we were very
familiar with the location and behavior of individual males. During the ﬂedgling period, we targeted males that had not been observed with ﬂedglings and followed them for an extended period
of time (often > h) to ensure that they were without ﬂedglings. In
addition, we had no males that were observed on ≥ separate days
during the ﬂedgling period without young and then were later reported with young. We considered birds that we did not relocate
on at least three diﬀerent dates during the ﬂedgling period to have
“unknown” reproductive status and excluded them from analyses
based on reproductive success.
Occupancy and success measures.—To measure habitat use
and patterns of reproductive success at diﬀerent locations on each
site, we used a TDC Data Collector (Trimble, Sunnyvale, California) global positioning system (GPS) device to collect GPS coordinates of the grid points used for spot-mapping and plotted bird
locations from every season onto maps of the study sites using the
editor toolbar in ARCMAP (ARCGIS, version .; ESRI, Redlands,
California). We plotted locations of only those birds observed on at
least three separate occasions and located within site boundaries
at least once. We used Hawth’s Tools (Beyer ) to construct a
grid over both study sites using cell widths of  m so that grid cells
were similar in size to Ovenbird territories. We calculated a withinseason measure of use based on the number of diﬀerent birds whose
territories were located within a grid cell during a season.
Occupancy was calculated by summing the within-season
measures over the -year study period (units = total bird-years).
We calculated rates of reproductive success (success rates) at each
grid cell by ﬁnding the mean success rate of all birds with known
reproductive status that occupied a particular cell over the study
period. We calculated Pearson’s product-moment correlation coeﬃcient between occupancy and success rates and tested for a
correlation using the null hypothesis that the variables were uncorrelated (Sokal and Rohlf ).
Because we resampled birds that returned to the same cell
in multiple years, our occupancy measure had the potential to be
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greatly inﬂuenced by a small number of the longest-lived birds.
To reduce concerns of temporal dependence, we also investigated
patterns of habitat use by measuring how frequently a cell was occupied by a new bird after the permanent disappearance of the
previous resident. For each year, grid cells of a nonreturning bird
were treated as trials that resulted in either successes (use by another bird) or failures (no use) in the following year. A rate, termed
the “new resident rate,” was calculated for each grid cell by dividing the number of successes by the total number of trials over the
study period. We tested for a correlation between the new resident
rate and success rates.
Fidelity measures.—Researchers believe that a proportion of
birds that fail to return between breeding seasons are alive but have
dispersed away from study areas (Greenwood , Greenwood
and Harvey , Marshall et al. ). We assessed site ﬁdelity
by calculating apparent return rates of banded birds following
their ﬁrst year on each site. We considered a bird to have returned
if researchers resighted it in the year after banding, regardless of
whether its new territory was located within site boundaries. This
measure is termed an “apparent return rate” (Marshall et al. )
because we did not adjust it on the basis of resighting probability
using an extension of the Cormack-Jolly-Seber (Cormack ,
Jolly , Seber ) approach. We considered that modeling
detection probability was unnecessary, given our data, for several reasons. Birds that were alive and returned to the study area
were unlikely to escape detection because researchers surveyed
three territory widths (– m) outside of the study sites several times during each season. In addition, no banded Ovenbird
reported missing in one year was ever reobserved in a subsequent
year, which resulted in a detection probability of . Over the -year
banding period, no banded Ovenbirds moved between the study
sites (~. km; L. J. Goodrich unpubl. data) and few were banded
as ASY birds, which suggests that long-distance dispersal by older
birds was rare and that failures to return most likely resulted
from death. If permanent emigration did occur on our sites, it was
indistinguishable from death, using either apparent return rates or
rates adjusted by the Cormack-Jolly-Seber approach. In a similar
study, Murphy () reported no diﬀerences between apparent
return rates and return rates adjusted for detection probability of
the Eastern Kingbird (Tyrannus tyrannus), a species that had high
site ﬁdelity and was easily located.
We tested for a relationship between ﬁrst-year reproductive
success and return rates using chi-square tests of independence
(Sokal and Rohlf ). We excluded birds from analysis if they
were banded before  ( OH,  RR) or during the last year of
the study ( OH,  RR). We assessed territory ﬁdelity by estimating
shift distance between territories (i.e., distance from territory in
year t to year t + ). We calculated a territory center for each territory by averaging the coordinates of each location. We measured
shift distance as the distance (m) between territory centers. Seven
birds with initial territories located at the boundary of the study
sites were excluded from the analysis because their later territories fell outside of the study sites and could not be mapped with
the same precision as territories within site boundaries.
We tested for diﬀerences in shift distance based on reproductive success and age using separate two-way mixed-model analyses of variance (ANOVA). To avoid resampling individuals, we
used only ﬁrst-year shifts (year  to year ) to test the hypothesis
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that successful birds would have higher rates of territory ﬁdelity
than unsuccessful birds. However, resampling birds was unavoidable when testing whether older birds were more faithful to previous territories than younger birds; therefore, we used
a repeated-measures approach that treated birds as subjects. In
both models, we included a random site factor to account for possible violations of the assumption of independence raised by correlation of variances among observations within each site. We
assessed the signiﬁcance of the ﬁxed eﬀect of interest (reproductive success or age) using a likelihood ratio test (LRT) comparing
a full model that included the ﬁxed eﬀect of interest in addition to
a ﬁxed intercept and random site eﬀect to a nested reduced model
that excluded the ﬁxed eﬀect of interest (Bolker et al. ). We
used maximum likelihood (ML) estimation for both models. Diagnostic plots and Levene’s tests for homogeneity indicated that the
residuals met the assumptions of normality and homoscedasticity.
Bird age, which was determined initially during banding, was
compared among ﬁve age classes. The SY birds returning for their
ﬁrst breeding season were considered to be -year-olds and placed
in the ﬁrst age class. Birds banded as ASY were considered to be
-year-olds. Birds advanced to a new age class every year; however,
we grouped all birds that lived  years or more into the ﬁfth age
class. We used the Tukey-Kramer multiple-comparisons procedure (Sokal and Rohlf ) to test for diﬀerences in shift distance
among age classes.
We quantiﬁed the degree of lifetime territorial consistency
using a similar measure of shift distance. However, instead of relating each movement to a bird’s previous-year territory, we related all shifts to the ﬁrst-year territory. Thus, we calculated the
distance between the ﬁrst-year territory center and the center of
every later territory during the period a bird returned (year  to
year t = , , …n, where n = number of years a bird returned). Because few birds (n = ) lived beyond  years at RR, we combined
data from both sites. In order to better understand what shift
distance would look like if birds moved randomly, we performed
a simulation using , birds shifting in random directions
(– degrees) each year over  years ( shifts). We randomly
assigned shift distances from one year to the next using a bootstrapping approach (Efron and Tibshirani ) to resample
between-year shift distances observed on the study sites. All
shift distances within the observed range were included in the
bootstrapping procedure. For each year, we found the distance to
the ﬁrst-year territory using trigonometric functions.
To test whether the observed and simulated patterns of territorial consistency were similar, we performed separate linear model
regressions using the distance from the ﬁrst-year territory center as
the dependent variable and shift occasion as the independent variable. Because shift distances were likely to vary among birds, we
used a mixed linear model for the observed data by adding a random bird eﬀect. Signiﬁcance of the estimated slope for the observed
data was determined using an LRT that compared the full model to
a reduced model containing only the random bird eﬀect. A t-test
(Sokal and Rohlf ) was used to test the signiﬁcance of the slope
parameter estimate from the simulated data. Distance to the ﬁrstyear territory center was transformed using the square-root transformation for both models. We used a Student’s t-test (Sokal and
Rohlf ) to compare the estimated slope coeﬃcients from each
model to test whether the observed and simulated patterns were
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similar. We analyzed all ﬁdelity data using program R (R Foundation for Statistical Computing, Vienna) and present all error estimates as standard errors (SE).
R ESULTS
At the site level over the  years, mean density of Ovenbirds was
. ± . males ha– at OH and . ± . males ha– at RR. Mean reproductive success was . ± . at OH and . ± . at RR. When
birds whose reproductive outcome was classiﬁed as unknown ( OH,
 RR; see above) were classiﬁed as unsuccessful, reproductive success
rates were . ± . and . ± . at each respective site.
Occupancy values of grid cells ranged from  to , with a
mean of . ± . bird-years, at OH; and from  to , with a mean
of . ± . bird-years, at RR. Success rates were not correlated
with occupancy at either site (OH: r = ., df = , P = .; RR:
r = ., df = , P = .) and were generally high at all levels
of occupancy (Fig. A), with overall means of . ± . at both
sites. There was a weak trend for reduced success rates at RR for
cells with occupancy values below  bird-years, but only % of
cells ( of ) at RR and % of cells at OH had success rates <..
Variation in individual survival inﬂuenced occupancy values as
the residency period of the longest-lived bird within a cell tended
to be much higher in cells with greater occupancy values (Fig. B).
Thus, a particular cell had a higher occupancy value because it was
associated with a bird that returned over multiple years and continued to use that territory. Mean new-resident rates were . ±
.% and . ± .% at OH and RR, respectively, and there was no
evidence for a correlation between success rates and new-resident
rates (OH: r = ., df = , P = .; RR: r = ., df = , P = .).
Fidelity measures.—The majority of birds banded at OH
( of ) and RR ( of ) during the study period were SY birds
returning for their ﬁrst season of breeding. Return rates following the ﬁrst year were high (Table ) and independent of past

FIG. 2. (A) Mean (± SE) success rates (proportion successful) of Ovenbirds in cells at each occupancy level (total bird-years) at Owl’s Head
(OH) and River of Rocks (RR) study sites at Hawk Mountain Sanctuary,
Pennsylvania, during the 12-year study period, 1998–2009. (B) Mean (± SE)
longest residency period (years an individual used the same cell) at each
occupancy level.
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TABLE 1. Return rates of Ovenbirds banded between 1998 and 2008 at
Owl’s Head (OH) and River of Rocks (RR) study sites at Hawk Mountain
Sanctuary, Pennsylvania, following their ﬁrst year. Birds were grouped on
the basis of reproductive performance during the ﬁrst year.
OH

RR

Bird status

n

Proportion returned

n

Proportion returned

Successful
Unsuccessful
Unknown
Combined

45
12
13
70

0.667
0.833
0.846
0.729

33
9
12
54

0.606
0.556
0.500
0.574

TABLE 2. Distribution of the number of years banded Ovenbirds returned to Owl’s Head (OH) and River of Rocks
(RR) study sites at Hawk Mountain Sanctuary, Pennsylvania, during the 12-year study period, 1998–2009. Birds
banded prior to 1998 (5 OH, 0 RR) or during the last year
(1 OH, 2 RR) were not counted. Sixteen birds (14 OH,
2 RR) included were alive at the end of the 2009 season.

FIG. 3. Mean (± SE) shift distances (m) of Ovenbirds in different age
classes at Owl’s Head (OH) and River of Rocks (RR) sites at Hawk Mountain Sanctuary, Pennsylvania, during the 12-year study period, 1998–
2009. Shifts by birds older than 5 years were placed in the ﬁnal age class.
Sample sizes are indicated above error bars.

Number of birds
Years on site

OH

RR

1
2
3
4
5
6
7
8
9
10
11
Total

19
12
14
7
8
3
2
2
2
0
1
70

23
12
10
3
3
1
2
0
0
0
0
54

reproductive success (OH: χ = ., df = , P = .; RR: χ = .,
df = , P = .). Similar results were observed when all birds with
unknown reproductive status were treated as unsuccessful (OH:
χ = ., df = , P = .; RR: χ = ., df = , P = .). Birds
frequently returned to the study sites for > year (Table ); mean
number of years returned was . years at OH and . years at RR.
We used  OH and  RR birds to analyze shift distances between territories. Averaging within each site, mean ﬁrst-year shift
distance (year  to year ) was . ± . m at OH and . ± . m
at RR. Successful birds (OH: . ± . m, RR: . ± . m) did not
move shorter distances than unsuccessful birds (OH: . ± . m,
RR: . ± . m; LRT: χ = ., df = , P = .). Similar results
were observed when we treated all birds with unknown reproductive status as unsuccessful (LRT: χ = ., df = , P = .).
Shift distance (year t to year t + ) diﬀered among age classes (LRT:
χ = ., df = , P < .); however, Tukey-Kramer comparisons
indicated that ﬁrst-year shifts were farther than shifts in all subsequent years (P < .; Fig. ). Shifts from age class  and later did
not diﬀer signiﬁcantly (P > .).
Using all SY and later territories (n = ), birds moved a mean
distance of . ± . m from their ﬁrst-year territory (year  to year
t = , , … n, where n = number of years a bird returned) during their
lifetime on each site. Thirty-seven lifetime shifts were beyond  m,

FIG. 4. Mean (± SE) distance (m) from ﬁrst-year territory observed for
each year Ovenbirds returned to study sites at Hawk Mountain Sanctuary, Pennsylvania, during the 12-year study period, 1998–2009, and
for returns simulated by assigning random shift directions each year using 1,000 birds. All shifts beyond the ﬁfth year were placed in the ﬁnal
grouping. Sample sizes are indicated above error bars.

the longest being . m. The regression model of the observed pattern of shifts indicated that the distance from the ﬁrst-year territory
increased each year birds returned to the sites (LRT: χ = ., df = ,
P < .). Thus, despite high rates of territory ﬁdelity during consecutive years, territories tended to drift apart (Fig. ). Territory maps
did not indicate that birds moved away from their ﬁrst-year territory
in a constant direction, and a similar positive relationship (Fig. )
was produced by the random shift simulation (t = ., df = ,,
P < .), though the slope estimated from the simulation was steeper
than that from the observed data (t = ., df = ,, P < .).
D ISCUSSION
The high rates of reproductive success and returns observed in
the present investigation were in accordance with past studies
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conducted at OH and RR and other locations within contiguous
forest habitat, which found Ovenbirds to occur and succeed at
high rates in large tracts of mature deciduous forest (Porneluzi
et al. , Villard et al. , Burke and Nol , Porneluzi and
Faaborg , Bayne and Hobson a). Rates of reproductive
success within grid cells varied little (CV < %) over both study
sites, and the vast majority of cells (>%) had success rates >.,
indicating that reproductive success was high throughout the
sites.
Occupancy varied considerably throughout both study sites,
but it was not correlated with success rates as predicted. Instead,
individual diﬀerences in life span strongly inﬂuenced occupancy
scores as the grid cells with the highest scores often were part of
the territories of the longest-lived birds on each site because birds
moved little between years. These birds may have had traits that
allowed them to survive longer than most of the population because success rates of grid cells that they occupied did not diﬀer
from other locations on the study sites occupied by shorter-lived
birds. Diﬀerences in bird quality may explain diﬀerences in life
span or even lifetime productivity, but long-lived birds did not occupy inherently better territories.
The lack of a correlation between occupancy and success
rates diﬀers from many other studies in which occupancy was a
reliable measure of habitat quality primarily because birds tended
to use between-year shifts to move to sites with higher long-term
measures of productivity or reproductive success (Krebs ,
Møller , Beletsky and Orians , Matthysen , Forero
et al. , Sergio and Newton , Espie et al. ). Our results may diﬀer because the Ovenbirds we followed were in highquality and fairly homogeneous habitats. By contrast, shifts to
better territories generally are reported from heterogeneous habitats where there are pronounced diﬀerences in territory quality
(Krebs , Beletsky and Orians ). Our results suggest that
occupancy may not be a reliable measure of habitat quality in relatively homogeneous habitats, and reaﬃrms Johnson’s () recommendation that researchers should use caution when using
indices or surrogates to estimate habitat quality instead of measuring it directly using demographic measurements.
Declines in return rates of males and females following experimentally induced breeding failure provide compelling evidence
that individuals of some species may consider prior breeding performance when deciding whether to return to a site (Bollinger
and Gavin , Haas , Hoover ). However, there was no
evidence of such a pattern among male Ovenbirds in the present
investigation. Birds returned to the study sites at high rates regardless of reproductive success, and they rarely moved far from
their ﬁrst territory during their lifetime. These results are similar
to those reported for Ovenbirds in Saskatchewan, where male return rates in continuous forest sites were %, and % of returning males were relocated < m from their capture location in the
previous year (Bayne and Hobson ), and in New Brunswick,
where .% of males returned to forest sites, and only two of 
returning males ever held a territory > m from a previous territory (Haché and Villard ). Male Hooded Warblers (Wilsonia
citrina) nesting within high-quality habitat also showed high rates
of site and territory ﬁdelity, and neither were correlated with prior
reproductive performance (Howlett and Stutchbury ).
The beneﬁts of reusing previous breeding sites and territories
may not be the same across habitats that diﬀer in quality, disturbance
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regime, and degree of structural complexity and variation. Our ﬁndings suggest that male Ovenbirds in high-quality contiguous forest
have high site and territory ﬁdelity. However, other studies have reported that male Ovenbirds disperse at higher rates in small forest
fragments in which reproductive success was low than in larger forest fragments (Bayne and Hobson , L. J. Goodrich unpubl. data),
which suggests that Ovenbirds are capable of adjusting their dispersal decision depending on characteristics of the habitat. Research
on Black-throated Blue Warblers (Dendroica caerulescens) also
suggests that the cues that birds use and base territory-settlement
decisions on may vary with habitat type (Betts et al. , Cornell
and Donovan ). The patterns observed in these examples lend
support to Switzer’s () contention that birds may use diﬀerent
decision rules depending on their habitat, adopting a strategy of unconditionally maintaining residency on homogeneous high-quality
habitats or basing dispersal decisions upon reproductive performance in low-quality or highly heterogeneous habitats.
Switzer () modeled site ﬁdelity and found that the “always
stay” strategy performed better than the “win–stay: lose–switch”
strategy for individuals occupying unpredictable habitats with little
variation in quality among territories. Habitat quality, as evidenced
by success rates and occupancy rates, was high throughout OH and
RR, and reproductive failure did not seem to be spatially or temporally autocorrelated. The primary cause of nest failure was likely
predation (Porneluzi et al. , Hoover et al. , L. J. Goodrich
unpubl. data), and researchers occasionally found nests destroyed by
predators (L. J. Goodrich pers. obs). There is a diverse predator community at OH and RR consisting of a variety of birds, snakes, and
mammals (Hoover et al. ), and patterns of nest predation tend to
be unpredictable in predator-rich systems such as this (Filliater et al.
, Wilson and Cooper ). By contrast, Prothonotary Warblers
(Protonotaria citrea) nesting where territory quality was predictable
and heterogeneous used the “win–stay: lose–switch” strategy and
consequently had return rates and territory shifts that diﬀered on
the basis of past reproductive performance (Hoover ).
In addition to assessing the quality of their own territories,
birds may make broad assessments of neighboring areas to determine which strategy is most appropriate. Interestingly, Bollinger
and Gavin () reported that return rates of Bobolinks (Dolichonyx oryzivorus) were more highly correlated with overall site
productivity than any other reproductive measure, and Hoover
() noted a tendency for unsuccessful birds to reuse the same
territory if their neighbors had bred successfully. Both authors
proposed that birds may consider the performance of their neighbors in addition to personal experience when deciding whether
to reuse a breeding site. This mechanism could explain patterns
of site ﬁdelity at OH and RR because birds were likely to have several successful neighbors. However, alternative hypotheses, such
as population pressure (Weatherhead and Boak ), opportunities for extrapair fertilizations (Howlett and Stutchbury ),
or monitoring of resources (Smith and Shugart ) cannot be
eliminated on the basis of the results presented here.
Birds tended to shift greater distances between their ﬁrst
and second years than in later years (year t to year t + ); however, nearly all between-year shifts were less than territory-widths
(territory diameter =  m,  m, and  m) reported from
studies of Ovenbirds in contiguous forests (Stenger , Bayne
and Hobson b, Mazerolle and Hobson ). Other studies
have found that site ﬁdelity increased with age (Greenwood and
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Harvey , Harvey et al. , Montalvo and Potti , Payne
and Payne , Newton ). Presumably, familiarity with a site
may promote increasing site ﬁdelity by allowing more eﬃcient use
of resources and make territory defense easier. Furthermore, social dominance increases with age in some species (Smith et al.
, Rohwer et al. , Sherry and Holmes , Sergio et al.
), which also may aid in territory defense. Payne and Payne
() even suggested that familiarity with neighbors may encourage birds to reuse former territories because establishing relationships with a new set of neighbors may entail greater expenditure
of time and energy. In addition, if there is any cost associated with
dispersal, the relative beneﬁt in relation to cost will decrease as a
bird ages because of a decrease in potential number of reproductive events to compensate for costs (Switzer ).
Although birds moved little between years and placed their
territories in similar locations, they tended to move farther away
from their ﬁrst breeding territory each year they returned (year 
to year t = , , … n, where n = number of years a bird returned). We
may have predicted shifts to follow a directional pattern if there
was a clear quality gradient on the study sites (e.g., transition from
forest edge to core), but success rates were generally high at all locations. Furthermore, territory maps suggested that shifts did not
follow a consistent direction, and the simulation that shifted birds
in random directions produced a similar “territory drift” pattern.
Had we located nests and color-banded females, we might have
been able to determine whether small territory shifts were associated with changes in nest placement, mate changes, or both. These
ﬁndings may further support the notion that quality was relatively
homogenous over the study sites because there were no penalties
to reproductive performance if birds did not return to the exact
location of their previous territories.
Although both study sites had high success rates and high
return rates that were similar to those reported from other studies of Ovenbirds breeding in large, contiguous forests, there were
observable diﬀerences in these measures between our two study
sites, due in part to the habitat structure of each site and also to
a year eﬀect that existed only at RR during the last years of the
study. Several regions of RR (~. ha) are dominated by large boulders, and rocks cover about × more space at RR (. ± .%)
than at OH (. ± .%; Bernard ). The rocky terrain at RR
likely limits the area of the forest ﬂoor available for foraging by
Ovenbirds, resulting in increased territory sizes (means: . ha versus . ha; M. J. Bernard et al. unpubl. data) and lower density in
comparison to OH. Thus, the larger shift distances observed at RR
can be attributed to the larger territory sizes at that site.
The factors contributing to the reduced return rates at the
RR site are less clear. Increased adult mortality, increased emigration, or a combination of both could have caused returns to be
lower at RR than at OH. We have no data that directly support
either hypothesis, but we do have evidence that conditions at RR
have changed in recent years. Although densities at RR have been
consistently lower than at OH, they have declined rapidly from
. males ha– in  to a constant . males ha– over the period
from  to . Over that same period, reproductive success
rates fell to below ., no ﬁrst-year birds (n = ) returned, and only
 of  older birds returned. During the prior period (–),
success rates had been higher at RR than at OH (OH: .; RR:
.), and return rates were more comparable to OH (OH: .;
RR: .) than they were over the entire study period.
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There have been no drastic physical disturbances at RR in recent
years. Therefore, it is unknown whether the trend at RR represents
a short-term aberration or a recent degradation in habitat quality. If
increased emigration rates are occurring as a result of a decline in
habitat quality at RR, such a response suggests that Ovenbirds are
able to adjust their dispersal strategy rapidly in response to habitat
changes that are more subtle than forest fragmentation.
In summary, our long-term study of Ovenbirds has shown that
within high-quality, contiguous forest habitat, individuals appear
to use an “always stay” strategy where they remain on a territory
throughout their lifetime with minor shifts between years resulting
in territorial drift over the lifetime of the individual. These results
diﬀer from other studies that have found a relationship between
breeding dispersal and past reproductive success. High territory
ﬁdelity regardless of past reproductive performance may represent a general case for songbirds breeding in homogeneous,
high-quality habitats, where sources of failure are infrequent and
unpredictable. In such cases, the potential beneﬁt of moving may
not outweigh the costs and being able to obtain and maintain a
territory may be of prime importance.
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