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(Elaenia albiceps chilensis) in South America
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ABSTRACT.—Few details are available on the migra-

tion (rates, routes, dates) of Neotropical austral migrant

birds, which breed and migrate wholly within South

America. Only one long-distance austral migrant breeds

in the South American temperate forest biome: the White-

crested Elaenia (Elaenia albiceps chilensis). However, the

migratory dates, routes, and wintering locations are poorly

known. During the austral summers of 2011–2013, we

attached light level geolocators to breeding White-crested

Elaenias at the world’s southernmost forests, on Navarino

Island, Chile. The duration of fall migration of three

Elaenias to the Amazonian wintering grounds was 64–96

days, while spring migration was 45–60 days. The average

distance between breeding and wintering grounds was

5,932 km, which constitutes the longest migration of

a Neotropical austral migrant studied to date. A better

understanding of the annual cycle of Elaenias could offer

new opportunities to examine the evolution of migration

and population regulation of one of Patagonia’s most

common birds. Received 5 March 2015. Accepted 28

November 2015.
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White-crested Elaenias (Elaenia albiceps chi-

lensis, hereafter, “Elaenias”) breed in South

American temperate and sub-Antarctic forests

and are migratory (Fitzpatrick et al. 2004, Rozzi

and Jiménez 2014), wintering in tropical South

America (Zimmer 1941, Pinto and de Camargo

1961, Fitzpatrick et al. 2004). Elaenias are among

the most abundant bird species in the South

American temperate forest community during

the breeding season (Jiménez 2000, Brown et al.

2007, Ippi et al. 2009). However, little is known
about their migration dates and routes (i.e., the
degree of migratory connectivity), in large part
because, until recently, the necessary technology
to track small passerine migrants throughout the
year has not been available. Today, we have more
information on the overwintering locations of
individual birds than in 1941, when Zimmer
stated that Elaenias “…spend the southern winter
in an extensive area from Perú to the eastern coast
of Brazil and north to the Amazon…” (Zimmer
1941:9).

Past research suggested that Elaenias migrate
northward in fall along the southwestern South
American coast (Traylor 1958). Other authors
suggested a fall route on the eastern side of the
Andes Mountains (Zimmer 1941), then a turn
eastwards to the Atlantic coast (Pinto and de
Camargo 1961, Olrog 1979, Sick 1984, reviewed
by Capllonch et al. 2011). The most recent
researchers propose that populations that over-
winter in Brazil start their fall migratory flights
northwards along the Andes Mountains, turning
northeast across Argentina towards Uruguay and
Brazil, returning southwest in spring across
northern Argentina, then southwards along the
Andes (Marini and Calvalcanti 1990, Capllonch
et al. 2011). Within Brazil, Marini and Cavalcanti
(1990) proposed that Elaenias migrate in fall
along the Atlantic coast to eastern Amazonian
wintering grounds, returning south in spring
through central Brazil along the basin of the
Paraguay River. Here, we report the first tracked
migration dates, routes, distances, and wintering
locations of three White-crested Elaenias from
a breeding population in the world’s southernmost
forests on Navarino Island in the Cape Horn
Biosphere Reserve, Chile.

METHODS

Study Area and Studied Species.—We studied
breeding Elaenias at the Omora Ethnobotanical
Park on Navarino Island, Chile (54u 579 S, 67u 399

W), within the Cape Horn Biosphere Reserve.
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Along the coast, vegetation is composed of
old-growth and secondary evergreen forests
dominated by Nothofagus betuloides and Drimys
winteri at lower elevations (0–200 m), and by
deciduous forests dominated by N. pumilio and N.
antarctica at higher elevations (200–500 m). At
Omora Park, we have maintained an uninterrupted
monthly mist-netting program for over a decade.
From January 2000 to December 2010, we
captured 1,018 different Elaenias, of which we
recaptured 10.4% in the years to follow (Rozzi
and Jiménez 2014). On average, captured Elaenias
had a weight of 15.9 g, wing length of 75 mm, and
a tail length of 63 mm.

Geolocator Deployment and Recovery.—From
14 January 2011 to 24 January 2013, we attached
128 light-level geolocators manufactured by Eli
Bridge (University of Oklahoma, Norman, USA)
to Elaenias captured with mist nets (12 3 2.6
meters, 30 mm mesh). Geolocators weighed 0.7 g
(including harness) representing ,4.4% of the
Elaenia’s body mass. Geolocators measured light
intensity every minute and recorded the average
intensity every 10 mins on a scale from 0–127
(Contina et al. 2013). Geolocators were attached
using a silicon or Kevlar thread leg harness
(Rappole and Tipton 1991).

Statistical Analyses.—We processed light-level
data with the R-packages BAStag (Wotherspoon
et al. 2013) and GeoLight 2.0 (Lisovski and Hahn
2012). We first log-transformed the light values,
then on the log-scale we used a light threshold of
5.1 to identify sunrise and sunset times. We
eliminated outlier sunrise and sunset times by
using the loessFilter function to delete twilight
transitions that were .2 times the interquartile
range of residuals from a smoothed line, a filtering
value that has been used in other geolocation
studies (e.g., Lislevand and Hahn 2015). We
conducted an on-bird calibration using the first
10 days of February, during which times birds were
still on the breeding grounds. The calibrated sun
elevation angle for the three tags was 0.31, 1.12,
and -0.91. We used the sun elevation that was
generated for each tag to calculate all subsequent
locations for that tag. We then calculated the
latitude and longitude for each twilight event.
During the calibration period, the mean error
for all three tags combined was 247 km (regardless
of direction). Longitude could not be calculated
from a period from mid-February to mid-April,
and mid-August to mid-October because of the
equinoxes.

We identified spring migration departure and
arrival dates by combining information about
movement and residency periods generated from
the twilight times and from the latitude and
longitude data. Movement and residency periods
were generated with the changeLight function
(sunrise probability 5 0.04, sunset probability 5

0.04, minimum stationary period 5 5 days). These
values were picked because they captured
movement and stationary periods that were
generally consistent with the known migratory
phenology of the species. Our ability to track
migration routes was limited by the lack of
latitude estimates around the equinox. As a result,
our inferences during these times were primarily
based on longitude. We identified wintering
locations by averaging the latitude and longitude
during the period from 1 July to 31 August,
because it was a period during which there was
little evidence of movement and was far enough
from the equinox that both latitude and longitude
could be calculated.

We define distance of fall and spring migration
as the straight-line great circle distance between
breeding site and wintering area. Therefore,
reported migration distances are minimum dis-
tances, because Elaenias do not migrate in
a straight line between sites. Similar to previous
studies on bird migration in South America (Jahn
et al. 2013), we define migration rate as the
distance of migration divided by the duration in
days of fall or spring migration. The migration
rates we report, therefore represent minimum
rates.

RESULTS

Migration Recorded by Geolocators.—During
November 2012 and December 2013, we re-
covered nine geolocators at the breeding site.
Of these, three had usable data; the data from
the others could not be processed because of
multiple errors in recording, storing light data,
or battery drainage. Hereafter, we refer to the
three birds for which tags were recovered as A,
B, and C.

Birds A, B, and C departed from Omora Park
on 29, 18, and 22 February 2012, respectively
(Fig. 1). On their northward migration, all three
birds moved northwestwards up to ,43 uS, 71 uW,
and then northeastwards to an area of ,13 uS,
40 uW, then again to the northwest reaching sites
located at 6–8 uS, 60 uW, where the longitude
stabilized for much of the winter (Fig. 2). The
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migratory paths of the three Elaenias indicate that
they moved northward along the east coast of
South America, before moving westward to arrive
at the wintering area on 4 June (bird A), 2 May
(bird B), and 26 April (bird C; Fig. 1). Birds A, B,
and C departed the wintering area on 20 October,
5 October, and 21 September, respectively, and
arrived back at their breeding site in Omora Park
on 4 December, 21 November, and 20 November
2012, respectively (Fig. 1).

Thus, for these three Elaenias, fall migra-
tion lasted 96, 74, and 64 days, respectively.

It also appeared to include a stopover period
of .10 days in eastern Brazil, near the coast
(Fig. 1). In contrast, spring migration lasted
only 45, 47, and 60 days, during which the birds
flew directly south to the breeding grounds
(Figs. 1 and 2).

Overwintering Locations.—The overwintering
location of bird A was in eastern Amazonia
(Fig. 2; the center location was off the northeast-
ern Brazilian coast, likely because of errors in
light-level readings by the geolocator). Birds B
and C overwintered in central Amazonia (Fig. 2).

FIG. 1. The migratory phenology of three White-crested Elaenias tagged in January 2012 and recovered the following

spring. Lines for fall and spring migration indicate estimates of the duration of spring and fall migration; lines for the

wintering location identify the date range used to estimate wintering locations in Fig. 2; letters in each panel identify the

three individual birds.
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The straight-line distances from the breeding
locations to the overwintering locations were
6,930 (for bird A), 5,265 (for bird B) and
5,601 km (for bird C; Fig. 2). Thus, the birds
migrated at rates ranging from 71–88 km*day-1

during fall, and at 93 to 154 km*day-1 during
spring.

DISCUSSION

The migration of Elaenias between Navarino
Island and Amazonia constitutes the longest
known migration among Neotropical austral mi-
grants (i.e., which migrate wholly within South
America; Cueto and Jahn 2008). Similar to
passerine migrants on other continents, spring

migration of Elaenias is faster than fall migration

(e.g., Tøttrup et al. 2012, McKinnon et al. 2013).

In contrast to migration patterns in other

continents, such as between North and Central

America, as well as between Europe and Africa,

where numerous forest passerines migrate to

breed at higher latitudes (McKinnon et al. 2013),

in South America, White-crested Elaenia is the

single long-distance migrant that moves between

tropical and temperate forest (Rozzi et al. 1996).

It is important to note that tropical and temperate

forests in South America are separated by

extensive non-forested arid and semiarid zones

(Armesto et al. 1998), which Elaenias manage

to cross.

FIG. 2. Average wintering locations (mean and standard error bars) are given for three White-crested Elaenias.

The arrows represent approximate migration routes during fall (northward) and spring (southward). Plotting

migration routes or stopover locations was not possible, because a significant portion of this movement occurred

during the equinox period when only longitude could be estimated reliably. Distributional data are from

NatureServe (2012).
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The migration tracks of our three study birds
support the hypothesis that at least the southernmost
population of Elaenias migrates northwards along
the eastern side of the Andes Mountains, then
northeast across Argentina towards Uruguay and
Brazil, returning southwest in spring across northern
Argentina, then southwards along the Andes (Marini
and Calvalcanti 1990, Capllonch et al. 2011).
Specifically, our longitude data suggest that the
three birds spent from a week to a month in eastern
Brazil. The stopover in eastern Brazil during fall
migration coincides with a peak in abundance of
Elaenias and with the rainy season in that region
(Ruiz-Esparza et al. 2011). Further research is
needed to evaluate whether the timing and route of
White-crested Elaenias’ migration allow the birds
to track rainfall, as has been suggested for other
Neotropical austral migrants that overwinter in
tropical South America (Jahn et al. 2013) and was
demonstrated for migratory birds on other con-
tinents (Pyle et al. 2009).

The wintering location of bird A was outside of
the known species’ range (Natureserve 2012), and
indeed fell over the ocean. Such an offset can occur
when the light environment of the wintering area is
substantially different from that on the breeding
ground where the calibration was performed
(Ryder et al. 2011, Fudickar et al. 2012). However,
it is also conceivable that this bird could have
wintered along the coast, which would have put the
wintering location outside of the mapped distribu-
tion. For relatively cryptic species that have not
been extensively studied, the results of new
tracking technology may offer us the opportunity
to revisit our assumptions about their distribution.

The three birds stayed ,4 months within the
winter range. Interestingly, there was a positive
relationship between the dates of arrival on the
wintering grounds after fall migration and the dates
of arrival at the breeding site the following spring.
The migration rates of the Elaenias were higher
than those reported for another Tyrannid, the Fork-
tailed Flycatcher (Tyrannus savana; 45–66 km/
day; Jahn et al. 2013), and lower than that of larger
migratory birds (McKinnon et al. 2015).

Although the recapture rate of tagged birds was
low, we do not believe that geolocators affected the
survival and recapture rate of the Elaenias, given
that the recapture rates of birds with geolocators
was similar to those banded and having no
geolocators (10.4%; Rozzi and Jiménez 2014).
While the survival of tagged birds has been raised
as a concern in other geolocator studies (Bowlin

et al. 2010), it does not appear to be a concern in
this species. In addition, geolocator technology has
improved substantially lately (Hobson et al. 2015),
and failure rates have decreased dramatically
compared to that of the prototypes we used in this
study (JEJ, unpubl. data).

Our results demonstrate that geolocators can
improve our knowledge of the ecology, habitat
requirements, and challenges to survival during
migration and winter of small migrants such as
Elaenias. Furthermore, by combining geolocator
data (i.e., to evaluate migratory connectivity;
Webster et al. 2002) with other ecological and
physiological data, potential carry-over effects
from the birds’ wintering period in Amazonia
may be detected during their breeding season in
Patagonia (Hostetler et al. 2015).

Elaenias are the dominant breeding passerines
in the temperate forests of South America, where
they play important ecological roles, such
as seed dispersers in sub-Antarctic forests
(Brown et al. 2007, Cavallero et al. 2013).
Therefore, understanding the annual cycle of
migratory birds such as Elaenias should be
a priority to understand ecological interactions
and conservation of interconnected tropical,
temperate, and-sub-Antarctic forest ecosystems
in South America.
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Assessing Nest Success of Black-Capped Chickadees (Poecile atricapillus)
in an Urban Landscape Using Artificial Cavities

John Bender,1,2 Mason Fidino,1 Kelvin Limbrick,1 and Seth Magle1

ABSTRACT.—Native bird diversity is compromised in

urban areas partially because of the lack of available habitat

for some species. As urbanization continues to increase, it is

important to understand the behavioral dynamics of bird

species located in cities. The Black-capped Chickadee

(Poecile atricapillus), as a generalist species, offers an

opportunity to investigate how common native birds use

urban areas that lack natural habitat features while

additionally competing with non-native, invasive species

(e.g., House Sparrows, Passer domesticus). Our objectives

were to determine nest box use and nesting success rate of

Black-capped Chickadees and House Sparrows using

artificial nest boxes in natural habitats located in an urban

area, specifically a recently restored 5.66- ha area of pond

sedge surrounded by oak (Quercus spp.) savannah located

south of Lincoln Park Zoo in Chicago, Illinois, USA.

Artificial nest cavities with 3 cm diameter entrance holes,

intended to exclude House Sparrows, were installed on

trees around the study site and monitored for activity.

We found that Black-capped Chickadees will readily use

artificial cavities; seven of the 20 boxes were excavated

and four produced nests. The artificial nesting cavities

successfully excluded House Sparrows from nest building

and raising young. Received 8 September 2015. Accepted

22 November 2015.

Key words: artificial cavity, Black-capped Chickadee,

House Sparrow, invasive species, nest success, urban

ecology, wildlife management.

Cavity nesting birds depend on standing dead

trees (snags) or dead limbs of sufficient size to

successfully fledge their young. The abundance of

these species is in part related to the density of

snags within a habitat patch. In urban centers,

snags and dead tree limbs are often removed for

aesthetic or safety reasons which can lead to an
overall decrease in cavity nesting species (Blewett
and Marzluff 2005). Additionally, the high
density of invasive House Sparrows (Passer
domesticus) in urban areas may increase compe-
tition for available nesting habitat because the
sparrows are strong competitors that often choose
nest sites indiscriminately (Anderson 2006,
Lowther and Cink 2006).

Artificial cavities, or nest boxes, can provide
alternative nest sites for cavity nesting species
(May 2001). The use of these nest boxes has been
shown to increase the abundance of cavity nesting
bird species in the vicinity (Newton 1994), while
providing the opportunity for smaller species
to breed at a higher frequency prior to the
implementation of nest boxes (May 2001, Charter
et al. 2010). Although artificial nest cavities
have been shown to benefit native species in
natural environments (Newton 1994), this has yet
to be quantified in urban areas where snags are
less abundant and non-native nest site competitors
are more common. Thus, we investigated how
artificial nest boxes influence the abundance of
a native cavity nesting species known to readily
use urban areas without providing nesting habitat
for the invasive House Sparrow.

The Black-capped Chickadee (Poecile atrica-
pillus) is an ideal study candidate because of its
high relative abundance in urban areas compared
to other native cavity nesting species, and its
smaller size in relation to the House Sparrow
(Melles et al. 2003). We hypothesized that
Black-capped Chickadees would nest in artificial
cavities with an entrance size larger than the body
size of adult Black-capped Chickadees but smaller
than the body size of adult House Sparrows, while
House Sparrows would not be able to fit because
of the entrance size. Therefore, the goal of this

1 Urban Wildlife Institute, Lincoln Park Zoo, 2200 N Cannon
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2 Corresponding author; e-mail: jvbender@miamioh.edu
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