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Resumen. – Historia natural y repertorio acústico del Sancuinclas (Pezopetes capitalis), ave
endémica de Costa Rica y el oeste de Panamá. – El Sancuinclas es una especie endémica y un habi-
tante común del sotobosque de bosques montanos y páramo en las tierras altas de Costa Rica y el
oeste de Panamá. A pesar de ser una especie común, existía poca información sobre su biología repro-
ductiva e historia natural. En este estudio describimos aspectos de su uso del hábitat, comportamiento
reproductivo, cuido parental y su repertorio acústico. Las parejas de esta especie son monógamas y ter-
ritoriales, y cada una de ellas se reproduce más de una vez por año, sin embargo, la reproducción es
asincrónica entre las parejas. Ambos sexos participan en la construcción del nido y el cuido de su
descendencia (usualmente un polluelo en cada evento reproductivo). El repertorio acústico del Sancuin-
clas consiste de dos cantos, los cuales difieren en sus características acústicas y temporales (e.g.,
rango de frecuencia, frecuencia alta y baja). El primer canto es un solo, el cual lo canta el macho en dos
contextos: cantos mañaneros y despliegues territoriales agresivos. El segundo canto es un dueto alta-
mente sincronizado, cantado por ambos sexos, sin embargo, algunas veces los machos cantan de man-
era solitaria su parte de los duetos. Los duetos son cantados cuando una pareja se reúne luego de una
separación espacial, o de manera más frecuente cuando se dan despliegues territoriales defensivos.  

Abstract. – The Large-footed Finch is a common, endemic inhabitant of the understory of montane for-
est and páramo in the highlands of Costa Rica and western Panama. Although this species is common,
information regarding its reproductive biology and natural history is scarce. In this study, we described
habitat use, reproductive behavior, parental care, and the acoustic repertoire of the Large-footed Finch.
Pairs are monogamous and territorial, and each pair reproduces more than once a year, but reproduction
among pairs is asynchronous. Both sexes participate in nest construction and offspring care (usually one
chick per breeding event). The acoustic repertoire of the Large-footed Finch consists of two song types,
which differ in temporal and acoustical characteristics (e.g., frequency range, maximum and minimum
frequency). The first song is a solo used by males in two contexts: morning songs and territorial aggres-
sive displays. The second song is a highly synchronize duet, sung by both sexes, though sometimes the
male sings its part of the duet alone. The duet is sung when a pair reunites after a spatial separation, or
more frequently as a territorial defensive display. Accepted 4 September 2014. 
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INTRODUCTION

The Costa Rican avifauna is characterized by
a high diversity of highland endemic species

(Slud 1964, Stiles & Skutch 1989, Hernández-
Baños et al. 1995). The assemblage of this
endemic avifauna has been the result of both
historical and ecological factors (Drake 1991,
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Barrantes 2009). A series of complex geologi-
cal and climatic events, including the forma-
tion of the cordilleras, and cold climatic
conditions during the upper Pleistocene, pro-
moted dispersal of bird species from the
Neartic region and from Andean highlands
(Nylander et al. 2008). Periods of inter-glacial
conditions reduced the connectivity between
these regions, isolating populations of the
species established in the highlands of Central
America from their ancestral populations, and
promoting subsequent speciation (Hackett
1995, Pérez-Emán 2005, Barrantes 2009).

The highland avifauna of Costa Rica and
western Panama includes 85 resident species
(Barrantes 2009), 34 of which are endemic to
these highlands. The composition of this avi-
fauna was first described by Slud (1964) and a
series of subsequent papers described general
aspects of their natural history (Wolf 1969,
Colwell et al. 1974, Naoki 1998, Wilms &
Kappelle 2006, Barrantes 2009, Barrantes et
al. 2011), morphological and genetic diver-
gence (Stiles 1985, Barrantes & Sánchez 2000,
Chavarría et al. 2010), and feeding and behav-
ioral aspects of some species, particularly
hummingbirds (Wolf et al. 1976, Stiles & Free-
man 1993, Fuchs et al. 2010, Ávalos et al.
2012). However, despite the uniqueness of
this diverse, endemic avifauna and the interest
in preserving this entire ecosystem (Kappelle
2006, Sánchez & Barrantes 2011), detailed
information on the natural history and repro-
ductive biology is available for only a few
species (Hunt 1971, Barrantes & Loiselle
2002).  

The Large-footed Finch is a common
endemic species of Costa Rica and western
Panama. In Costa Rica, it inhabits the under-
story of montane forest and páramo in the
Central and Talamanca Cordilleras (Slud
1964, Stiles & Skutch 1989). There, this spe-
cies is a ground-dwelling finch which forages
in small, open areas covered with a thick layer
of leaf litter within dense forests and bamboo

thickets (Wolf 1976, Stiles & Skutch 1989). It
breeds in dense forest undergrowth, forest
clearings and forest edges; its nest is a massive
cup made of seed-stalks and bamboo leaves,
and is constructed within dense-foliage
bushes or clumps of bamboo stems at ca. 1.5
to 2 m above the ground (Klein et al. 1991).
The clutch consists of one elliptical or sub
elliptical shaped egg (Stiles & Skutch 1989,
Klein et al. 1991). Other information on the
reproductive biology and natural history of
this species is largely unknown. In this study,
we describe habitat use, reproductive behav-
ior, parental care, and the acoustic repertoire
of the Large-footed Finch.

METHODS

Study population. We conducted this study at
the Estación Biológica Cerro de la Muerte
(09º34’N, 83º41’W; 3150 m a.s.l.) from April
2009 to May 2009, and March 2011 to
December 2012. Most of the study area is
covered by an old second growth oak-forest
(Quercus costaricensis), with its understory domi-
nated by dense thickets of bamboo (Chusquea
spp.) (Stiles & Skutch 1989), and some bushes
and treelets of the families Ericaceae and
Melastomataceae. 

Natural history. We identified the territory of
15 mated pairs. We followed each mated pair
from one to 15 non-consecutive days, mark-
ing foraging area and movement routes with
flagging tape. We did not measure the area of
territories but we used this information to set
the mist-nets and band both individuals from
five pairs, and one individual from other five
pairs. Each individual had a unique combina-
tion of colors. We identified the other five
pairs based on their presence in limited areas
and previous observations of territory fidelity
in this species. Descriptions of territories, for-
aging behavior, reproductive behavior, and
parental care are based on direct observations
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and video recordings of some pairs made with
a digital video camera (Sony HDR-SR11) in
the field. 

For each pair we classified observations in
two categories: a) Non reproductive period:
when birds were engaged only in foraging
activities, without indication of courtship or
nest construction behavior. b) Reproductive
period: when one or both members in a pair
engage in nest construction (carrying nest
material), members of the pair foraged alone
(this is expected to occur when the other bird
was attending the nest), and caring for off-
spring. Based on our field observations, we
divided young in three qualitative age catego-
ries: 1) Chick: a fledgling outside its nest, with
yellow bill, strongly barred chest, and tail no
longer than 3 cm. 2) Pre-juvenile: an individ-
ual with yellow bill, barred chest, tail as long
as that of an adult, and green head with black
stripes. 3) Juvenile: an individual with black
bill, barely barred chest, tail as long as that of
an adult, head with the same color pattern as
an adult, and iris brownish rather than reddish
(adult iris color). Juveniles foraged actively
with their parents.

Song repertoire. We recorded solo songs from
five birds and duet songs from 12 pairs. In
cases where an individual or a mated pair did
not sing, we used playbacks from other indi-
viduals to induce a response. We held the
microphone at 1 m above the ground and at a
distance of 5 m to 10 m away from the focal
individual during recordings. We used two
playbacks (LCH 12-001 and LCH 12-003)
from birds recorded in Barva National Park
(74 km away from the study site), obtained
from the Bioacustic Lab, University of Costa
Rica; the third playback was from a bird
recorded in 2009 at the study site.

For all recordings we used a directional
microphone (Sennheiser ME66) and a solid
state digital recorder (Marantz PMD 620,
from April to May 2009; Marantz PMD 661,

from March 2011 to December 2012). We
saved digital recordings as uncompressed
monoaural WAV files (24-bit and 48-bit, 44
kHz) and analyzed them using Raven pro 1.4.
(Bioacoustics Research Program 2011), with
the following settings: a temporal resolution
of 5.3 ms, frequency resolution of 270 Hz in a
Hann window with 188 Hz sampling and 50%
overlap. 

For the identification of the elements that
corresponded to each individual in a duetting
pair, we used two approaches. 1) We recorded
videos in HD definition using a Sony HDR-
SR11, for three mated pairs (two banded pairs
and one unbanded) in which we knew before-
hand the sex of each individual (based on
behavior during duetting and foraging, and
morphometric measures; unpublished data),
allowing us to determine their duetting order.
We identified sex of birds based on presence
of brood patch and cloacal protuberance;
none of the birds with cloacal protuberance
had brood patch suggesting that only females
incubate eggs (GB unpublished data). In addi-
tion, the wing cord and tail length (mean ± sd
in mm) of males are larger than those of
females (wing: males 90.85 ± 2.52, females
83.55 ± 3.05; tail: males 88.10 ± 4.07, females
81.64 ± 2.97; n = 13 and 11, respectively).  2)
In playbacks trials, we directed the micro-
phone to one individual as it was responding.
We identified each bird recorded based on its
band color, or in the band color of its partner,
in those pairs in which we banded only one
individual of the pair. In all cases in which at
least one bird in the pair was banded, the
acoustical signal of the focal individual (in
front of the microphone) displayed a darker
tone on the spectrograms. This condition
helped us to define the identity of those birds
recorded from pairs in which none of the
members were banded. We defined an ele-
ment as a discrete sound represented in the
spectrogram that can be separated temporally
or in frequency from other elements.
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RESULTS AND DISCUSSION

Habitat use and abundance. We observed pairs
foraging together all year round in the under-
story of montane oak forest, second growth
forests, Chusquea spp. tickets, and open areas
with disperse Ericaceae and Rosaceae bushes.
Large-footed Finch individuals foraged from
dawn to dusk. The activity initiated with
males singing solo songs from dense thickets,
and they continue singing intermittently for
periods of 10 to 20 min, until foraging activity
began. The birds foraged in pairs, scratching
the leaf litter, and occasionally going up in a
bush, looking for small (unidentified) insects
and occasionally some berries (e.g., Rubus sp.).
Wolf (1976) also reported insects, seeds, and
fruits, especially of Pernettya, as the main food
items for this species.

The same pairs (banded birds) foraged
actively in the same area for more than one
year. They foraged, roosted and bred within
their territories; in two of the territories the
pair collected material for nest construction
(also noted by Klein et al. 1991). Mated pairs
attacked conspecifics when they invaded their
territories, and also responded intensely, both
physically (e.g., constant movements between
brushes) and acoustically, when we used play-
backs stimuli to simulate territory intrusion.
We counted 19 pairs in a 50 ha area, but some
pairs may have gone undetected; according to
F. G. Stiles (pers. comm.) the estimated size of
territories for the Large-footed Finch is ca. 1
ha. When a pair perceived an intrusion of
conspecifics (or playback recordings) in their
territory, the male first approached to the
source of the song, followed shortly by the
female, then both sang a sequence of duets
(from 1 to 4). If the male approached the
playback source alone, he usually sang a
sequence of solo songs that lasted as long as 5
min as he moved between branches. 

Within their territories, Large-footed
Finch individuals seemed to follow particular

foraging routes each day. We recorded this
pattern in six pairs, in which we saw them for-
aging on the same area almost at the same
time for several days (3 to 10 days). The for-
aging areas often overlapped with adjacent
territories (n = 8 of 15 territories), but birds
did not enter far into neighboring territories,
and did not enter at all when the other pair
was present. The same behavior was
described by Wolf (1976), who stated that
pairs seemed to restrict their activities to one
area at a given time, but foraging areas of
some pairs often overlapped. 

Reproductive behavior and parental care. Half of
the pairs (n = 5 of the 10 pairs banded)
remained together for at least 18 months.
From these pairs we registered two divorces.
In one case, the male paired with a new mate
and raised a chick five months later, close to
his former territory. For the second pair, we
observed the female with a new mate six
months later and the male with a new mate
and a chick eight months after the divorce. In
this particular case, the female maintained the
same territory she had prior to divorce, while
the male was seen foraging in an adjacent ter-
ritory. Though divorce is relatively common
in birds (McNamara & Forslund 1996), the
reasons for divorce in monogamous birds are
still poorly understood. It is thought that at
least for one of the mates in a pair the fitness
increases by divorcing and remating with a
higher quality mate (Choudhury 1995, Otter
& Ratcliffe 1996), but only long-term studies
combined with studies of paternity will pro-
vide information on fitness of divorced indi-
viduals.

Reproduction was asynchronous across
pairs, and occurred nearly throughout the
entire year. We registered pairs with young
from February through September (Fig 1.);
breeding apparently decreases from October
to February, the driest period of the year.
Some pairs had multiple reproductive events
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in a year. One pair had three breeding events
in one year, raising one chick each time,
approximately three months apart from each
other. Nearly always a pair raised a single
chick (14 out of 15 pairs), but one pair raised
two chicks on one occasion. The reproductive
strategy of the Large-footed Finch is highly
unusual even for tropical birds whose breed-
ing season tend to be longer than that of tem-
perate species (Martin 1996). Practically all
tropical birds synchronize their breeding sea-
sons to the availability of food critical
resources (Stiles 1983). For instance, most
insectivores tend to breed early in the rainy
season when abundance of insects increases
(Wolda 1982, Stiles 1983, Sandoval & Bar-
rantes 2009). Hence, the extensive breeding
season and small clutch size of the Large-
footed Finch suggest the absence of a peak in
food resources (e.g., ground dwelling insects),
but this is yet to be tested.

Reproduction began with construction of
the nest, which was described by Klein et al.
(1991) as a massive cup built with bamboo
(Chusquea sp.) leaves, grasses, mosses, stems,
and twigs. They mentioned that in eight of

nine nests the clutch consisted of a single egg.
Chicks remained with their parents approxi-
mately three months (Fig. 1: see pairs 2, 3, and
5). To estimate this time, we counted the time
from the first time we saw a chick with its par-
ents until the juvenile abandoned (or was
expelled) the parents’ territory. For three pairs
the period between the initiation of nesting
events (carrying material) and the bird aban-
doning the parent’s territory was at least five
months (Fig. 1: see pair 3). 

Both parents fed the chicks. Both chicks
and pre-juveniles produced a low intensity
begging call (peep peep) as their parents foraged
nearby. Every time we heard a chick begging
(n = 6), both parents proceeded to feed their
offspring immediately. All three young stages
(chicks, pre-juveniles, and juveniles) scratched
the litter as adult do, but only pre-juveniles
and juveniles captured prey occasionally.
While foraging, all family members remained
less than 5 m apart. When we approached a
family (about 5 m away), the male approached
us and then perched on a branch or stem at
about 1.5 m above ground, while the female
continued foraging with their offspring (n = 6

FIG. 1. Period of reproductive and non-reproductive events by pairs of the Large-footed Finch, Cerro de
la Muerte, Costa Rica. 
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pairs). Another response of the parents
toward our intrusion was to hop away with
their offspring, and hide their chicks or juve-
niles in dense vegetation, where the chick or
juvenile remained very quiet and silent, and
both parents returned immediately to forag-
ing. 

Our results show that Large-footed
Finches have a strong biparental investment
in parental care. The low environmental tem-
perature prevailing in the highlands inhabited
by the Large-footed Finch has likely pro-
moted the evolution of both the high bipa-
rental investment and the extremely small

clutch size in this species. Such small clutch
size may be compensated by the capability of
this bird species to reproduce up to three
times a year. 

Acoustic repertoire. Large-footed finches pro-
duced three different vocalizations year
round: 1) a solo song (“species song” hereaf-
ter) sung only by males (Fig. 2); 2) duets
which consisted of a sequence of antiphonal,
highly coordinated elements produced by
both males and females with a stereotyped
acoustic pattern (Farabaugh 1982, Langmore
1998) (Fig. 3); and 3) a solo song produced by

FIG. 2. Sound spectrograms depicting two solo songs (species song) produced only by males of the Large-
footed Finch, Cerro de la Muerte, Costa Rica. The first part of a solo song, varies across males, and con-
sists of different elements. A, B, C is a sequence of elements by all males in the same order.
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males that consisted of the same elements
used by the male in a duet (Fig. 4). We defined
a song as a string of stereotyped elements
separated temporally for at least one second
from a similar string produced by males or
females. 

The song of the Large-footed Finch con-
sisted of 10 to 18 elements, some of which
were repeated, especially at the end of the
song (Fig. 2). The beginning of the song was
variable across males (n = 5), but the final
part was very similar in all males (Fig 2:
groups of elements A to C). This song dif-
fered in length and in the acoustical structure

of elements among males (Table 1; we mea-
sured only those elements that were present in
all males’ songs). 

The entire duet was divided into four sec-
tions (Figs 3a–d), which varied in length, and
frequency (Table 1), but only the middle and
final sections were present in all duets (n =
68). During the duet, the elements produced
by both sexes overlapped in time and/or fre-
quency along most of this vocalization. The
introductory section of the duet consisted of a
twitter-like sound that can be presumably
sung by either sex. The bird that sang this first
section was not the same that initiated the

FIG. 3. Sound spectrograms of duets of the Large-footed Finch, Cerro de la Muerte, Costa Rica. Duets
consist of 1) introductory twitter elements:  can be sung by both sexes but are not present in all duets.  2)
Middle section: group of overlapping elements that can be initiated by either the male or the female. 3)
Final section: formed by a group of repeated and alternated elements between both members of a mated
pair. (d) Variable group of elements which are not present in all duets. Spectrograms show elements sung
by "individual 1" (black bars) and elements by "individual 2" (white bars). 
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middle section, because both sections over-
lapped temporally. This introductory twitter
section was either absent in most duets, or
had very low amplitude to be detected in the
spectrograms (Fortune et al. 2011), so for the
analyses we considered the middle section as
the initial part of the duet of the Large-footed
Finch. 

The middle section consisted of a group
of alternate overlapping elements sung by
both members of a pair. The number of ele-
ments per individual in this section was 5 ±
1.4 (range: 2 to 9 elements). The final section
consisted of 10 ± 4.6 elements (range: 1 to 21
elements) sung by each sex in alternate fash-
ion, and most duets ended with this section,
but some duets (n = 10 of 45 duets) had an
additional section of 6 ± 2.8 (range: 2 to 10
elements) elements (Fig. 3d). We did not mea-
sure frequency (Hz) or duration of the ele-
ments of this section because we were unable
to determine which sex sang this section in
the duet. 

The duet was produced in two different
contexts. The first was when a pair perceived
an intrusion of conspecifics (e.g., a playback)
in their territory, and the second when the
members reunite (seen only twice) after hav-
ing being some distance apart (e.g., more than

10 m apart). The only function of the duet
proposed for the Large-footed Finch was
mate recognition (Wolf 1976, Stiles & Skutch
1989). However, the duet in this species likely
serves multiple functions (e.g., territory
defense, mate recognition and contact main-
tenance) as suggested by Hall (2009). On five
occasions, we recorded a male singing alone
its section of the duet in response to a play-
back.

Description of the reproductive biology,
song repertoire and some general aspects of
natural history of the Large-footed Finch are
important to design future conservation poli-
cies not only for this species but for the rich
endemic avifauna of Costa Rican highlands.
In addition, the characteristics of vocaliza-
tions and breeding behavior of this species
will help to elucidate the relationship of the
Large-footed Finch between the two most
related genera (Cadena et al. 2007, Cadena &
Cuervo 2010, Klicka et al. 2014). 

ACKNOWLEDGMENTS

We thank William Eberhard, Johel Chaves,
and Luis Sandoval for their valuable com-
ments on the manuscript. We also want to
acknowledge Nidia Corrales, Miguel Esquivel,

FIG. 4. Solo song of an individual of the Large-footed Finch, Cerro de la Muerte, Costa Rica. This song
shares the same structure and elements of the duets, but is sung only by males. 



269

NATURAL HISTORY OF LARGE-FOOTED FINCH

and Federico Valverde for field support and
assistance. For this study, we received support
from the "Fondo Alexander F. Skutch, para la
investigación ornitológica" (Asociación orni-
tológica de Costa Rica).

REFERENCES

Avalos, G., A. Soto, & W. Alfaro. 2012. Effect of
artificial feeders on pollen loads of the hum-
mingbirds of Cerro de La Muerte, Costa Rica.
Rev. Biol. Trop. 60: 65–73.

Barrantes, G. 2009. The role of historical and local
factors in determining species composition of
the highland avifauna of Costa Rica and West-
ern Panamá. Rev. Biol. Trop. 57: 333–349.

Barrantes, G., & B. A. Loiselle. 2002. Reproduc-
tion, habitat use, and natural history of the
Black-and-yellow Silky-flycatcher (Phainoptila
melanoxantha), an endemic bird of Western Pan-
ama-Costa Rican Highlands. Ornitol. Neotrop.
13: 121–136.

Barrantes, G., & J. Sánchez. 2000. A new subspe-
cies of Black and Yellow Silky Flycatcher,
Phainoptila melanoxantha, from Costa Rica. Bull.
Br. Ornithol. Club 120: 40–46.

Barrantes, G., M. Yglesias, & E. J. Fuchs. 2011. The
roles of history and habitat area in the distribu-
tion and composition of avian species assem-
blages in the highlands of Costa Rica. J. Trop.
Ecol. 27: 421–428.

Bioacoustic Research Program. 2001. Raven Pro:
Interactive Sound Analysis Software (version
1.4.). The Cornell Lab of Ornithology, Ithaca,

New York, USA.
Cadena, C. D., & A. M. Cuervo. 2010. Molecules,

ecology, morphology, and songs in concert:
how many species is Arremon torquatus (Aves:
Emberizidae)? Biol. J. Linn. Soc. 99: 152–
176.

Cadena, C. D., J. Klicka., & R. E. Ricklefs. 2007.
Evolutionary differentiation in the Neotropical
montane region: Molecular phylogenetics and
phylogeography of Buarremon brush-finches
(Aves, Emberizidae). Mol. Phylogenet. Evol.
44: 993–1016.

Chavarría-Pizarro, T., G. Gutiérrez-Espeleta., E. J.
Fuchs, & G. Barrantes. 2010.  Genetic and
morphological variation of the Sooty-capped
Bush Tanager (Chlorospingus pileatus), a highland
endemic species from Costa Rica and western
Panama. Wilson J. Ornithol. 122: 279–287.

Choudhury, S. 1995. Divorce in birds: a review of
the hypotheses. Anim. Behav. 50: 413–429.

Colwell, R. K., B. J. Betts, P. Bunnell, F. L. Carpen-
ter, & P. Feinsinger. 1974. Competition for the
nectar of Centropogon valerii by the hummingbird
Colibri thalassinus and the Flower-piercer Diglossa
plumbea, and its evolutionary implications. Con-
dor 76: 347–352.

Drake, J. A. 1991. Community-assembly mechanics
and the structure of an experimental species
ensemble. Am. Nat. 137: 1–26.

Farabaugh, S. 1982. The ecological and social sig-
nificance of duetting. Pp 85–124 in Kroodsma,
D. E., & E. H. Miller (eds). Acoustic communi-
cation in birds, Volume 2: Song learning and its
consequences. Academic Press, New York,
New York, USA.

TABLE 1. Acoustic parameters of the vocalizations of the Large-footed Finch, Cerro de la Muerte, Costa
Rica: species song (n = 5 males) and duet song (n = 12 pairs)

Song type Time (s) High frequency (Hz) Low frequency (Hz)
Species song
    A
    B
    C
Duet
    Introductory twitter
    Middle section
    Final section

0.34 ± 0.11
0.19 ± 0.05
0.21 ± 0.02

0.61 ± 0.22
1.98 ± 0.31
2.46 ± 0.54

9920 ± 125 
10357 ± 1136
9376 ± 594

2766 ± 469 
10100 ± 210
5732 ± 299

1439 ± 489
1710 ± 899
1801 ± 222

552 ± 136
7238 ± 219
1050 ± 320



270

TREJOS-ARAYA & BARRANTES

Fortune, E., C. Rodríguez, D. Li., G. Ball, & M.
Coleman. 2001. Neural mechanisms for the
coordination of duet singing in wrens. Science
334: 666–670.

Fuchs, E., J. Ross-Ibarra, & G. Barrantes. 2010.
Reproductive biology of Macleania rupestris (Eri-
caceae), a pollen-limited Neotropical cloud-for-
est species in Costa Rica. J. Trop. Ecol. 26:
351–354.

Hackett, S. J. 1995. Molecular systematics and zoo-
geography of flowerpiercers in the Diglossa
baritula complex. Auk 112: 156–170.

Hall, M. 2009. Chapter 3: A review of vocal duet-
ting in birds. Adv. Study Behav. 40: 67–121.

Hernández-Baños, B. E., A. Townsend-Peterson,
A. Xavarro-Sigüenza, & B. P. Escalante-Pliego.
1995. Bird faunas of the humid montane for-
ests of Mesoamerica: biogeographic patterns
and priorities for conservation. Bird Conserv.
Int. 5: 251–277.

Hunt, J. 1971. A field study of the Wrenthrush Zele-
donia coronata. Auk 88: 1–20.

Kappelle, M. 2006. Ecology and conservation of
Neotropical montane oak forests. Springer,
Berlin, Germany.

Klein, N. K., M. Marín, T. S. Schulenberg, & L. F.
Kiff. 1991. Eggs, nests, and nest-building
behavior of the Large-footed Finch (Pezopetes
capitalis) in Costa Rica. Condor 93: 447–448.

Klicka, J., F. K. Barker, K. J. Burns, S. M. Lanyon, I.
J. Lovette, J. A. Chaves, & R. W. Bryson Jr.
2014. A comprehensive multilocus assessment
of sparrow (Aves: Passerellidae) relationships.
Mol. Phylogenet. Evol. 77: 177–182.

Langmore, N. 1998. Functions of duet and solo
songs of female birds. Trends Ecol. Evol. 13:
136–140.

Martin, T. E. 1996. Life history evolution in tropi-
cal and south temperate birds: What do we
really know? J. Avian Biol. 27: 263–272.

McNamara, J. M., & P. Forslund. 1996. Divorce
rates in birds: predictions from an optimization
model. Am. Nat. 147: 609–640.

Naoki, K. 1998. Seasonal change of flower use by
the Slaty Flowerpiercer (Diglossa plumbea). Wil-
son Bull. 110: 393–397.

Nylander, J. A. A., U. Olsson, P. Alström, & I. San-
Martín. 2008. Accounting for phylogenetic
uncertainty in biogeography: a Bayesian

approach to dispersal-vicariance analysis of
the thrushes (Aves: Turdus). Syst. Biol. 57:
257–268.

Otter, K., & L. Ratcliffe. 1996. Female initiated
divorce in a monogamous songbird: Abandon-
ing mates for males of higher quality. Proc. R.
Soc. Lond. B Biol. Sci. 263: 351–355.

Pérez-Emán, J. L. 2005. Molecular phylogenetics
and biogeography of the Neotropical redstarts
(Myioborus; Aves, Parulinae). Mol. Phylogenet.
Evol. 37: 511–528.

Sánchez, C., & G. Barrantes. 2011. Talamanca
Highlands. Pp 91–96 in Sandoval, L., & C.
Sánchez (eds). Important bird areas in Costa
Rica. Unión de Ornitólogos de Costa Rica, San
José, Costa Rica.

Sandoval, L., & G. Barrantes. 2009. Nest usurping
occurrence of the Piratic Flycatcher in south-
western Costa Rica. Ornitol. Neotrop. 20:
401–407.

Slud, P. 1964. The birds of Costa Rica: distribution
and ecology. Bull. Am. Mus. Nat. Hist. 128:
1–430.

Stiles, F. G. 1983. Birds. Introduction. Pp. 502–530
in Janzen, D. H. (ed.). Costa Rican natural his-
tory. Univ. of Chicago, Chicago, Illinois, USA.

Stiles, F. G. 1985. Seasonal patterns and coevolu-
tion in the hummingbird-flower community of
a Costa Rican subtropical forest. Ornithol.
Monogr. 36: 757–787.

Stiles, F. G., & A. F. Skutch. 1989. A guide to the
birds of Costa Rica. Cornell Univ. Press, Ithaca,
New York, USA.

Stiles, F. G., & C. E. Freeman. 1993. Patterns in
floral nectar characteristics of some bird-visited
plant species from Costa Rica. Biotropica 25:
191–205

Wilms, J. J. A. M., & M. Kappelle. 2006. Frugivo-
rous birds, habitat preference and seed disper-
sal in a fragmented Costa Rican montane oak
forest landscape. Ecol. Stud. 185: 309–324.

Wolda, H. 1982. Seasonality of Homoptera on
Barro Colorado island. Pp 319–330 in Leigh, E.
G. Jr., A. S. Rand, & D. M. Windsor (eds). The
ecology of a tropical forest. Seasonal rhythms
and long-term changes. Smithsonian Tropical
Research Institute, Washington, D.C., USA.

Wolf, L. L. 1969. Female territoriality in a tropical
hummingbird. Auk 86: 490–504.



271

NATURAL HISTORY OF LARGE-FOOTED FINCH

Wolf, L. L. 1976. Avifauna of the Cerro de La
Muerte region, Costa Rica. Am. Mus. Novit.
2606: 1–37.

Wolf, L. L., F. G. Stiles, & F. R. Hainsworth. 1976.

Ecological organization of a tropical, highland
hummingbird community. J. Anim. Ecol. 45:
349–379.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


