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ABSTRACT—We studied how age affects selection of foraging microhabitats, foraging behaviors, and rates of
vigilance in the black phoebe (Sayornis nigricans). Juveniles generally perched higher in trees than adults and
in areas with higher intensity of light, which may increase the difficulty of visually tracking prey. Juveniles
allocated more effort to visual searching prior to a foraging attempt and flew farther than adults to capture a
prey item. When at rest on a perch, juveniles monitored the environment more slowly than adults, suggesting
lower levels of vigilance. In general, our results suggest that differences between ages in foraging behavior of
visually guided predators may be influenced by intensity of ambient light in their foraging territories.

RESUMEN—Estudiamos como la edad afecta la selección de microhábitats de forrajeo, el comportamiento de
forrajeo, y las tasas de vigilancia del mosquero negro (Sayornis nigricans). Los juveniles se hallaron en perchas
más altas en los árboles que los adultos y en áreas con mayor intensidad de luz, lo que puede aumentar la
dificultad de rastrear visualmente a la presa. Los juveniles asignaron un esfuerzo mayor a la búsqueda visual de
presa antes de un intento de depredación y se desplazaron una distancia mayor para capturar a las presas que
los adultos. Cuando descansaron en una percha, los juveniles monitorearon el entorno más lentamente que
los adultos, lo que sugiere niveles menores de vigilancia. En general, nuestros resultados sugieren que las
diferencias de edad en el comportamiento de alimentación de predadores visuales están influenciadas por la
intensidad de luz en sus territorios de forrajeo.

A key trade-off exists between the energetic benefit of
obtaining a food item and the risk of predation (Lima
and Dill, 1990). Foraging-predation optima are likely to
differ between age classes because juveniles often allocate
more time to foraging and are less successful than adults
(Breitwisch et al., 1987; Desrochers, 1992; Vanderhoff and
Eason, 2008). Concomitantly, foraging-predation optima
may differ between age classes because juveniles may react
more fearfully (Rajala et al., 2003; Hollén and Radford,
2009) or spend less time engaged in vigilance or anti-
predator behaviors than adults (Arenz and Leger, 2000;
Boukhriss et al., 2007; Hollén et al., 2008).

The difference in foraging-vigilance optima between
age classes may be particularly pronounced in species that
forage on prey that move rapidly in three-dimensional
space (Marchetti and Price, 1989) and this requires
complex foraging behavior such as hawking of flying
insects (Davies, 1976), plunge-diving (Burger and Goch-
feld, 1983), or foraging near large ungulates (Burger and
Gochfeld, 1989). To successfully capture these prey items,
individuals must accurately track and determine the
location of capture, which requires greater foraging
experience (Burger and Gochfeld, 1983; Marchetti and

Price, 1989) and more complicated sensory processing
than capturing stationary food items (e.g., depth percep-
tion through motion parallax; Land, 1999). In these
species, foraging and vigilance behavior are tied closely to
microhabitat not only because microhabitats differ in
abundance of predators, prey, and conspecific competi-
tors (Moyle, 1966; Maccarone, 1987; Marchetti and Price,
1989; Wagner and Gauthreaux, 1990; Cresswell, 1994;
Brotons et al., 2000) but also because the visual
environment (e.g., color and intensity of light, as well as
physical structure of habitat) influences the ability to
acquire sensory information (Bradbury and Vehrenkamp,
1998).

We investigated characteristics of foraging habitat,
foraging behavior, and vigilance (e.g., rates of movement
of head) in juvenile and adult black phoebes (Sayornis
nigricans). Black phoebes are small sit-and-wait flycatchers
that forage on prey items that move rapidly in three-
dimensional space. Previous research determined that
foraging behavior of adult black phoebes, including
searching for prey, is influenced by light and the physical
structure of foraging habitats (Gall and Fernández-Juricic,
2009). Juvenile black phoebes forage independently



within 24 h of leaving the nest, often in patches of habitat
adjacent to adults (Oberlander, 1939). However, foraging
competence is expected to take a long time to develop
because it may be difficult to track and determine the
location of capture for prey moving in three-dimensional
space. Therefore, we expected that juveniles would select
patches of habitat that would enhance visual access to
prey, at the possible expense of increasing risk of
predation, allocate more effort to foraging than adults,
and be less vigilant than adults because of trade-offs
between foraging and vigilance.

Black phoebes have been increasing in abundance in
urban environments in recent decades (Wolf, 1997).
Successful urban species have high rates of feeding
innovation, high annual fecundity, and high survivorship
of adults (Møller, 2009). However, fledging success may
be reduced in these species because of lower availability of
natural food (Chamberlain et al., 2009). Therefore,
understanding factors influencing foraging behavior of
juvenile and adult flycatchers also can provide insights
into behavioral mechanisms of use of habitats by
flycatchers in urban environments.

MATERIALS AND METHODS—We conducted our study in 15
urban parks and on college campuses in Los Angeles County
and Orange County, California. Study areas were bounded on all
sides by an urban or suburban matrix of housing and retail
establishments. Study areas had similar vegetation, with large
areas of nonnative grasses and a combination of sparsely
distributed native and nonnative trees. Study areas frequently
were used by humans, but varied in degree and temporal
patterns of use. Black phoebes have been highly successful in
urban areas, due in part to expansion of suitable nesting
locations provided by human-made structures (Wolf, 1997). In
our study areas, black phoebes were highly habituated to
humans and could be approached to a distance of <5 m
without flushing, although we always remained ‡15 m from
individuals.

We sampled a total of 58 individuals (37 adults and 21
juveniles) during March–May 2007 to address whether juveniles
and adults differed in structure of microhabitats used for
foraging, microclimates of foraging patches, and foraging
behaviors. We used a subset of 38 individuals (20 adults and
18 juveniles) to determine if juveniles and adults differed in
visual scanning. Because 20 birds engaged in frequent foraging
sallies, we were unable to measure visual scanning when these
individuals were at rest on a perch. We did not band individuals,
but territorial behavior of the black phoebes and our sampling
procedure minimized the chances of pseudoreplication. In the
breeding season, territories are small (0.5–0.8 ha; Wolf, 1997).
Therefore, small parks (<2 ha) were visited on 1 day only and
only 1–2 individuals were sampled to ensure that we would not
use the same individual more than once. In large parks and on
college campuses (>2 ha), we sampled adults that were
separated by ‡0.5 km to minimize the chances of pseudorep-
lication. We did not sample juveniles in large parks on >1 day.

We choose sampling locations within each park by choosing a
compass direction and number of paces to walk from a random-
number table. Once we encountered an individual, we followed

it until it alighted on a perch. We maintained a distance of ‡15
m from the individual during observations. We then used a
Canon ZX50 digital video camera (Canon USA, Inc., Lake
Success, New York) to record the individual on the perch until it
initiated a foraging flight. Foraging flights were identified
visually by their highly stereotyped shape and acoustically by bill
snaps that occurred when an insect was captured. If an
individual engaged in other types of flight (e.g., changing
patches), we followed the individual to the new location and
continued to record it until a foraging flight was completed. We
recorded only one foraging flight from each individual. From
the videos, we determined whether an individual was a juvenile
or adult based on color of bill and wing bars following Wolf
(1997). Videos also were used to assess visual searching for food
and vigilance.

After the foraging flight, we measured height of the perch
and tree the individual used. Height of tree was measured by
having one observer stand far enough from the tree that the
observer could visually align a ruler with the top and bottom of
the tree. That observer then rotated the ruler 908 so the ruler
was aligned with the ground and perpendicular to the tree,
effectively projecting the height of the tree onto the ground. A
second person marked the endpoint of this projection with a
flag. We then measured the projected height of the tree (i.e.,
distance along the ground from base of tree to the flag) with a
meter tape as described by Fernández-Juricic et al. (2005). We
used the same procedure to determine height of perch.
Measurements of height of perch were corroborated with a
meter tape when the perch was <2 m in height. We measured
percentage cover of grasses following Prodon and Lebetron
(1981) and number of trees within a 10-m radius of the perch,
which is the upper limit of length of foraging flights (Gall and
Fernández-Juricic, 2009). We used an Extech Instruments Lux
Meter (model 401025; Extech Instruments, Walthram, Massa-
chusetts) to measure intensity of light at the perch and a
Speedtech Skymaster (model SM-28; Speedtech, Great Falls,
Virginia) to record temperature and humidity.

After an individual made a foraging sally, we immediately
marked the ground directly below the location of capture (prey
generally were captured in the air) with a plastic marker.
Location and height of capture was determined in the field by
consensus of two observers and consultation with the foraging
video. We then measured height of the location of capture and
linear distance from perch to site of capture with a meter tape.
We also measured length of flight path, taking into account both
the vertical and horizontal distance traveled from the perch to
site of capture. Intensity of light at site of capture was measured
with an Extech Instruments Lux Meter.

We used JWatcher version 1.0 (Blumstein and Daniel, 2007)
to measure rate of movement of the head immediately
preceding a foraging flight, length of pre-foraging movement
of head (i.e., the amount of time an individual spent rapidly
moving its head prior to initiating a foraging attempt), and
background rate of movement of the head (i.e., number of
movements of the head per second when individuals were at rest
on a perch) from the videos following Gall and Fernández-
Juricic (2009). For the background rate of movement of the
head, we analyzed 30 s of video with a start time chosen using a
random-number table.

All data were checked for normality and homoscedasticity.
Transformations were chosen using the Box-Cox procedure in
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PROC TRANSREG in SAS 9.2 (SAS Institute, Inc., Cary, North
Carolina) for all variables that did not meet the assumptions. We
conducted three MANOVAs in PROC GLM with the CANON-
ICAL option to assess whether juveniles and adults differed in
their selection of structure of microhabitats, microclimate of the
foraging patch, and foraging behavior with age as an indepen-
dent variable. Here, the two age classes were represented by a
dummy variable (juvenile = 0 and adults = 1). We choose a
MANOVA with the CANONICAL option because it allowed us to
include date and time as random variables in the model. The
CANONICAL option for a MANOVA in PROC GLM creates an
axis that maximizes correlation between a linear combination of
dependent and independent variables. Here, canonical weights
can be interpreted as Pearson’s correlation coefficients and
represent the strength of the association between the original
variable and the canonical variate. Canonical coefficients are
equivalent to the slope of the relationship between the original
variable and the canonical variate when all other variables are
held constant. Standardized canonical coefficients were calcu-
lated after each variable had been transformed to have a mean
of 0 and a standard deviation of 1, allowing the coefficients to be
directly compared, regardless of magnitude of the original
variables. The term canonical weight is sometimes used
synonymously with canonical coefficient, but that is not the
case here.

Time of day and date were included as random factors
because our sampling efforts were concentrated on a relatively
small number of days. Dependent variables in the model of
microhabitat were height of tree (log-transformed), height of
perch (log-transformed), percentage cover of grasses, and
number of trees (log-transformed) within 10 m of the perch.
In the model analyzing microclimate of the foraging patch,
dependent variables were temperature, humidity, and intensity
of light at the perch (square-root transformed). Dependent
variables in the model of foraging behavior were height of
capture (1/square-root transformed), intensity of light at site of
capture (square-root transformed), linear distance of site of
capture from the perch (square-root transformed), length of
flight path (log-transformed), angle of flight (square-root
transformed), rate of movement of head, and length of head-
moving bout (log-transformed). When we encountered poten-
tial multicollinearity, we also conducted univariate ANOVAs in
PROC GLM. Background scanning was examined with an

ANOVA in PROC GLM. Rate of movement of head was the
only dependent variable in the visual-scanning model.

RESULTS—A MANOVA revealed an overall difference in
structure of foraging microhabitats between juvenile (n =
21) and adult (n = 37) black phoebes (Wilks’ k = 0.2, F4,6

= 5.99, P = 0.03). Age explained 80% of variation in the
multivariate model, with a canonical correlation
coefficient of 0.89 between age and the dependent
canonical variate. Juveniles had higher scores on
canonical variates than adults. Number of trees and
percentage cover of grasses were correlated negatively
with the canonical variate (canonical weight), while
height of tree and height of perch were correlated
positively with the canonical variate (Table 1; Fig. 1).
Height of perch and number of trees had the greatest
canonical weight, suggesting they contribute most
strongly to the canonical variate (Table 1). Standardized
canonical coefficients were negative for number of trees,
percentage cover of grasses and height of tree (Table 1).
The standardized canonical coefficient was positive for
height of perch. Magnitude of the canonical coefficient
was greatest for height of perch, suggesting this variable is
the most important in determining scores on the
canonical variate. These results suggest that in a
multivariate context juveniles perched higher than
adults. Juveniles also foraged from taller trees and in
areas with fewer trees and less grass, although these
factors did not weight as strongly as height of perch.

There was no mulitvariate difference between juveniles
(n = 21) and adults (n = 37) in microclimate of foraging
patch (Wilks’ k = 0.83, F3,16 = 1.13, P = 0.37). All three
dependent variables were correlated strongly with the
canonical variate, suggesting they all contributed strongly
to the canonical variate (Table 1). Temperature and
intensity of light at perch were correlated positively with
the canonical variate (Table 1; Figs. 2a and 2c), and
humidity was correlated negatively with the canonical
variate (Table 1; Fig. 2b). Temperature and humidity were
correlated strongly with each other (r = -0.83, P <

TABLE 1—Canonical weights, canonical coefficients, and descriptive statistics for dependent variables of microhabitat with age of
black phoebes (Sayornis nigricans) as an independent variable. Descriptive statistics for adults and juveniles are back-transformed least-
squares means with 95% confidence intervals in parentheses.

Dependent variable Canonical weight
Standardized

canonical coefficient Adults Juveniles

Structure of microhabitat

Number of trees –0.26 –1.06 1.7 (1.3, 2.3) 1.1 (0.8, 1.6)
Cover by grasses (%) –0.08 –1.35 61.6 (39.8, 83.4) 50.6 (33.2, 67.9)
Height of tree (m) 0.16 –4.02 2.6 (0.7, 10.1) 5.7 (1.0, 31.2)
Height of perch (m) 0.55 5.72 1.3 (0.7, 2.4) 3.0 (1.4, 6.5)

Microclimate of foraging patch

Temperature (8C) 0.84 1.36 20.2 (19.0, 21.4) 21.9 (20.3, 23.5)
Humidity (%) –0.41 –0.04 54.4 (48.5, 60.3) 51.4 (43.7, 59.2)
Intensity of light at perch (lux) 0.70 1.04 248.1 (164, 239.6) 378.2 (242, 544.6)
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0.001). Intensity of light was not correlated strongly with
temperature (r = 0.22, P = 0.09) or humidity (r = -0.17,
P = 0.18). Univariate analyses suggested that juveniles
forage from perches with higher intensity of light than
adults (F1,39 = 2.46, P = 0.02), but that there was no
difference in temperature (F1,39 = 0.74, P = 0.42) or
humidity (F1,39 = 1.5, P = 0.17) of these perches.

There was an overall difference in foraging behavior
between juvenile (n = 21) and adult (n = 37) black
phoebes (Wilks’ k = 0.28, F7,12 = 4.5, P = 0.02). Age
explained 72% of variation in the multivariate model,
with a canonical correlation coefficient of 0.85 between
the independent variable and the canonical variate.
Juveniles had higher scores on canonical variates than
adults. All dependent variables had positive canonical
weights except for distance of capture from the perch
(Table 2; Fig. 3). Note that height of capture was inverse-
transformed, so direction of the relationship for the
untransformed variable would be opposite of what is seen
here. Rate of movement of head and length of flight path
had the highest canonical weights, suggesting they were
the most important factors in the canonical variate (Table
2). Distance from perch and height of capture had lowest
canonical weights and, therefore, did not explain much
variation in the canonical variate (Table 2). Intensity of
light at site of capture, length of head-moving bout, rate
of movement of head, height of capture, and length of
flight path had positive standardized canonical coeffi-
cients, while angle of flight and distance from perch had
negative canonical coefficients (Table 2). An angle of
flight of 908 is parallel to the ground and 08 is
perpendicular to the ground. Length of flight path had
a large standardized canonical coefficient, suggesting it

FIG. 1—Scores on canonical variates plotted against the
original dependent variables from the MANOVA of microhabitat
as a function of age of black phoebes (Sayornis nigricans): a,
number of trees (log-transformed); b, cover by grasses (%); c,
height of trees (m; log-transformed); d, height of perch (m; log-
transformed). Juveniles ( ) had higher scores on canonical
variates than adults ( ). Age explained 80% of variation in
canonical scores when time of day and date were included as
random factors in the model.

FIG. 2—Scores on canonical variates for microclimate of foraging patches as a function of age of black phoebes (Sayornis nigricans)
plotted against the original dependent variables from the MANOVA: a, temperature (8C); b, humidity (%); c, intensity of light at
perch (lux). There was no difference between juveniles ( ) and adults ( ) in scores on canonical variates when time of day
and date were included as random factors in the model.
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contributed strongly to scores of canonical variates. These
results suggest that when considered in a multivariate
context, juveniles generally scanned more rapidly before
a foraging flight and had longer flight paths than adults.
Juveniles also had greater angles of flight (i.e., flights
were not as steep) and foraged in brighter areas than
adults. Juveniles spent more time scanning (length of
head-moving bout), did not fly as far from the perch
(linear distance of flight), and caught prey lower in the
air than adults; however, these factors did not weight
strongly in the model and are likely to be less important
than other factors. When resting on a perch, juveniles
(0.72 – 0.05 movements of head/s, n = 18) visually
monitored their environment at a significantly slower rate
than adults (0.85 – 0.05 movements of head/s, n = 20;
F1,36 = 4.71, P = 0.04).

DISCUSSION—Juvenile black phoebes differed from
adults in characteristics of foraging microhabitats,
foraging behaviors, and scanning behaviors. Juveniles
perched higher in trees and in areas with higher intensity
of light than adults. Juveniles moved their heads faster, for
a longer time prior to initiating a foraging flight, and
caught prey at sites with higher ambient intensity of light
than adults. Juveniles had longer flight paths, likely due
to perching higher in trees, which could lead to juveniles
being less efficient over multiple foraging attempts, as
reported in other taxa (Gochfeld and Burger, 1984;
Marchetti and Price, 1989; Jansen and Van Schaik, 2002;
Heise and Moore, 2003). Finally, juveniles scanned their
environment with fewer movements of the head than
adults when at rest on a perch. Although we did not
design our study to identify mechanisms responsible for
these differences, we propose at least four nonmutually
exclusive potential explanations for patterns we observed;
inexperience of juveniles or their displacement by adults,
systematic seasonal changes, ontogenetic differences in
the visual system, and differences in the visual
environment that juveniles and adults occupied.

Juveniles were in habitats with characteristics that
generally were avoided by adults and resulted in greater
investments in visual searching. Previously, we detected
that adult black phoebes preferred perches that had

lower intensity of light than random perches in the
environment (Gall and Fernández-Juricic, 2009). In a
variety of taxa, juveniles are excluded from preferred
patches by adults (Sherry and Holmes, 1989; Brotons et
al., 2000), which could result in juveniles perching in
areas with higher intensity of light. This displacement
could lead to juveniles foraging in less-productive areas in
terms of availability of food or more dangerous areas in
terms of exposure to predators, which could lead to
changes in foraging or antipredator behavior (Koivula et
al., 1994; Sol et al., 2000). An alternative interpretation is
that juveniles lack the experience needed to select a
proper foraging site, to forage efficiently, or to engage in
appropriate scanning behavior (Weathers and Sullivan,
1991). For instance, young spotted flycatchers (Muscicapa
striata) capture small, slow-moving prey, presumably
because they are easier to catch (Davies, 1976), suggesting
juveniles may be more limited in the prey they can
successfully capture due to inexperience. Juveniles put
more visual effort into foraging than adults, which could
come at the expense of antipredator vigilance. Juveniles
of many species appear to have lower vigilance than adults
or engage in riskier behavior than adults (East, 1986;
Arenz and Leger, 2000) due to inexperience with
predators.

Systematic seasonal changes in behavior or character-
istics of habitat also could produce differences between
adults and juveniles. However, we believe this possibility is
unlikely, as timing of our sampling of adults and juveniles
overlapped substantially and we controlled for date
statistically. It also is possible that differences in charac-
teristics of foraging habitats may arise if juveniles are
overrepresented in habitats where nesting success is high.
Although we did not map territories of individuals,
juveniles and adults were relatively close to one another
in large parks and were frequently in adjacent sampling
areas. Moreover, characteristics of habitats selected by
juveniles were determined previously to result in dimin-
ished visual and physical access to prey (Gall and
Fernández-Juricic, 2009). This suggests that juveniles
were in foraging habitats that were less productive than
those of adults and unlikely to result in higher nesting
success.

TABLE 2—Canonical weights, canonical coefficients, and descriptive statistics for dependent variables of foraging with age of black
phoebes (Sayornis nigricans) as an independent variable. Descriptive statistics for adults and juveniles are back-transformed least-
squares means with 95% confidence intervals in parentheses.

Dependent variable Canonical weight
Standardized

canonical coefficient Adults Juveniles

Intensity of light at site of capture (lux) 0.23 0.32 324.9 (230.5, 435.5) 383.1 (250.3, 544.2)
Length of head-movement bout (s) 0.14 0.53 14.6 (8.6, 24.8) 18.8 (9.36, 37.8)
Rate of movement of head (s-1) 0.32 0.96 0.9 (0.8, 1.0) 1.1 (1.0, 1.3)
Distance from perch (m) –0.04 –4.36 5.0 (3.3, 7.0) 4.6 (2.6, 7.3)
Height of capture (m) 0.06 0.53 1.7 (0.9, 3.7) 1.2 (0.7, 3.2)
Angle of flight (degrees) 0.23 –1.10 18.6 (9.4, 30.8) 27.9 (13.3, 47.9)
Length of flight path (m) 0.32 4.21 4.5 (3.4, 5.9) 6.5 (4.5, 9.3)
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Differences between visual systems of juveniles and
adults also could result in selection of different micro-
habitats, as well as different foraging and scanning
behaviors. Sensory and motor neural pathways can be
influenced by experience (e.g., training; Feldman and
Knudsen, 1997) and ontogenetic factors (Dmitrieva and
Gottlieb, 1992; Schaeffel and Wagner, 1996; Brittan-
Powell et al., 2004). For instance, in barn owls (Tyto alba),
visual experience tunes the map of auditory space in the
inferior colliculus (Feldman and Knudsen, 1997), which
can improve ability to locate prey. The visual cortex also
can be altered by visual experience and cortical plasticity
is greater in juveniles than in adults (Medini and
Pizzorusso, 2008). Additionally, morphology of eyes can

change with ontogeny. For example, diameter of pupil,
axial length of eye, and size of anterior chamber of the
eye can continue to increase after fledging (Schaeffel and
Wagner, 1996), which can lead to improved quality of
images. If juveniles do not have a fully developed visual
system (e.g., smaller eyes, comparatively lower visual
acuity), visual tasks, such as locating a prey item, may
take more effort. This would be expected to result in
faster movements of the head prior to a foraging flight to
increase the amount of information gathered from the
environment, as detected in our study. Moving the head
faster may allow individuals of a species with laterally
placed eyes to quickly track an object with the right and
left foveae (Gall and Fernández-Juricic, 2010). Alterna-

FIG. 3—Scores on canonical variates for foraging as a function of age of black phoebes (Sayornis nigricans) plotted against the
original dependent variables from the MANOVA: a, intensity of light at site of capture (lux); b, log length of bout (s); c, rate of
movement of head (s-1); d, angle of flight (degrees); e, log length of flight path (m). Juveniles ( ) had higher scores on
canonical variates than adults ( ). Age explained 72% of variation in canonical scores when time and date were included as
random factors in the model.
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tively, differences in the visual environment of adults and
juveniles may influence differences in ages in foraging
behavior and visual monitoring. High ambient-light
conditions can reduce use of foraging patches, food-
seeking behavior, and delay detection of predators by
house finches (Carpodacus mexicanus), possibly as a result
of higher thermal stress, greater visual exposure to
predators, and effects of glare in reducing visual contrast
between the object and the background (Fernández-
Juricic and Tran, 2007). Juvenile black phoebes perched
and caught prey at sites with higher ambient-light
intensity than perches and locations where adults were
captured, which may require more visual effort to locate
and track prey.

Studies of foraging behavior and selection of micro-
habitats generally have focused on animals living in native
or pristine habitats (Sherry and Holmes, 1989; Cresswell,
1994; Brotons et al., 2000; Heise and Moore, 2003).
However, urban environments can be quite diverse in
terms of composition of native avian species (Pautasso et
al., 2011). Therefore, understanding characteristics of
foraging sites and development of foraging behavior in
native species of birds can allow us to better understand
the process of colonization and persistence in urban
areas. Survival of juveniles is particularly important for
viability of urban populations; therefore, it is necessary to
have an understanding of characteristics of their foraging
habitat and behavior. This can allow habitat managers to
increase local biodiversity of birds by providing suitable
foraging opportunities for adults and juveniles.

The black phoebe is a particularly good model of a
native specialist colonizing urban environments. Gener-
ally, urban environments favor granivores and limit
species that forage primarily on arthropods (Kark et al.,
2007). In California, many native insectivorous birds have
been impacted negatively by urban sprawl (e.g., California
gnatcatcher Polioptila californica; Akçakaya and Atwood,
1997), while populations of black phoebes have not only
persisted, but increased in numbers and spatial extent in
urbanized areas. Black phoebes traditionally inhabited
riparian areas where nesting sites were limited. Urban
development and human-made structures have increased
the number of suitable nesting areas and foraging areas,
likely facilitating expansion of populations (Wolf, 1997).
An abundance of suitable nesting and foraging areas may
be particularly important, as urban populations often
have lower nesting productivity than non-urban popula-
tions, which may be linked to availability of food or to
predation (Chamberlain et al., 2009). Conversely, in some
species, rates of predation on juveniles appear to be lower
in highly urbanized habitats (Whittaker and Marzluff,
2009). This may be particularly important for juvenile
black phoebes, as foraging in open areas tends to increase
the risk of predation in passerines (Lima, 1993). Juvenile
black phoebes may be able to offset this risk somewhat by
perching higher and in taller trees than adults. However,

this may come at the expense of longer flight paths
during foraging attempts.

Anecdotally, we found that, like adults, juvenile black
phoebes successfully captured a prey item in >95% of
foraging attempts. Therefore, availability of food in urban
areas and the effort expended during each foraging
attempt, rather than success in captures may drive
foraging efficiency in juveniles. It would be particularly
valuable to know if foraging behavior and abundance of
black phoebes is affected by pesticides and watering
regimes in urban parks and on college campuses, as this
could dramatically affect suitability of a foraging area.
Moreover, it would be valuable to know if urban areas
provide greater or more consistent food resources than
native habitats.

Juvenile black phoebes have different strategies for
foraging and in selection of microhabitats than adults in
urbanized areas. Although our experimental design did
not allow us to tease apart specific mechanisms behind
this difference, our results suggest the possibility that the
visual environment may influence differences in age in
foraging strategies. Expanding our understanding of
ontogenic changes in visual physiology of passerine birds
and how visual systems with different developmental
stages may perform in different ambient light conditions
may illuminate the mechanistic basis of differences
among ages in foraging and vigilance.
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an early version of the manuscript. We also thank S. Thomas and
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