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Abstract - Complete nesting information is available for only 4 out of 52 species of manakins (Pipridae), and most nesting information regards
lowland species. Much less is known about the nesting of highland manakin species. Our study presents nesting information on a highland
cloud forest manakin species, the Golden-winged Manakin (Masius chrysopterus), which is distributed from western Colombia to northern
Peru between 1,000 and 2,300 m a.s.l. We monitored 10 nests from February through July in 2014 and 2015 at Parque Nacional Natural Ta-
tama, Colombia. We describe the nest, eggs, and nestlings of M. chrysopterus, and provide information on adult behavior by means of ther-
mal sensors and a GoPro camera. The cup nest was similar to those of most manakins. Eggs were cream-colored with brown spots and meas-
ured 18.7 £ 0.89 mm x 13.3 + 0.39 mm (mean + SD; N = 16 eggs). The nestling growth rate (K) was 0.34 (N = 6 nestlings). The incubation and
nestling periods were 22 and 16 days, respectively. Females alone were responsible for incubation, with on-bouts of 19.9 + 16.0 min (N = 774
on-bouts) and nest attentiveness of 69.8 to 73.5% during daytime hours (N = 3). They conducted 69.7 + 16.8 off-bout trips per daythat last-
ed, on average, 8.3 + 5.4 min (N = 805 off-bouts without nighttime incubation). During 63 min of video taken at one nest during the nestling
period, the female delivered red, green, and black fruits into the bill of the nestling, and swallowed three fecal sacs. Overall, M. chrysopterus
incubation and nestling period are longer when compared to other manakin species, but the nest structure and composition, as well as egg
coloration, are similar to other species that inhabit lowlands and highlands.

Resumen - Biologia de la anidacion en el saltarin alidorado (Masius chrysopterus), con una revision de los rasgos de anidacion de las espe-
cies de pipridos de alta y baja montaiia

Hay informacién completa de anidacion estd disponible para 4 de las 52 especies de la familia Pipridae. Sin embargo, la mayor parte de esta
informacion se refiere a especies de tierras bajas, y sabemos mucho menos sobre anidacién de las especies de pipridos de las tierras altas.
Nuestro estudio presenta informacion de anidacion en una especie de piprido de bosque nublado, el saltarin alidorado ( Masius chrysopte-
rus), que se distribuye desde el oeste de Colombia hasta el norte de Perd entre los 1.000 y 2.300 m s.n.m. Monitoreamos 10 nidos, de febre-
ro a julio de 2014 y 2015, en el Parque Nacional Natural Tatamd, Colombia. Describimos el nido, los huevos y los pichones de M. chrysopte-
rus, y proporcionamos informacién sobre el comportamiento del adulto con el uso de sensores térmico y una camara GoPro. El nido en copa
fue similar a los encontrados en la mayoria de las especies de esta familia. Los huevos fueron de color crema, con manchas marrones con-
centradas en la base del huevo, y midieron 18,70 + 0,89 mm x 13,30 + 0,39 mm (media + DE; N = 16 huevos). La tasa de crecimiento de los
pichones (K) fue de 0,34 (N = 6 polluelos). Los periodos de incubacion y anidacion fueron de 22 y 16 dias, respectivamente. Solo las hembras
fueron encargadas del cuidado parental; con una duracidn promedio de viaje de 19.9 + 16.0 min (N = 774 viajes), y con una atencion al nido
que variable entre 69.8 y 73.5% durante las horas del dia (N = 3 nidos). Las hembras realizaron en promedio 69,7 + 16,8 viajes fuera del nido
por dia, los cuales duraban 8,3 + 5,4 min (N = 805 estadias en el nido sin incluir la anidacién nocturna). Durante 63 minutos de grabacién de
video del nido durante el periodo de polluelos, se vio que la hembra alimentaba a los polluelos con frutos rojos, verdes y negros y se tragé
tres sacos fecales. En general, los periodos de incubacidn y cria de M. chrysopterus son mas largos en comparacidn con otras especies de
pipridos. Pero la estructura y composicion del nido, y la coloracién de los huevos son muy similares a los de otras especiesd e esta familia que
habitan en las tierras bajas y altas.
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INTRODUCTION

The Neotropical manakin family Pipridae includes 17 genera and 52 species that inhabit humid tropical and subtropical forests,
with approximately 43 species in lowlands (<1,500 m a.s.l.) and nine species occurring on mountains above 1,500 m a.s.l.
(Kirwan & Green 2011; Supplementary Table 1). Manakins are mainly frugivorous, occasionally eating small arthropods. A re-
markable characteristic of this family is the strong sexual dimorphism: males are flashy and colorful, while females are rather
cryptic (Snow 2004). Most prior research effort has focused on lowland species’ mating strategies associated with the “lek”
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Figure 1. Nest and eggs of the Golden-winged Manakin (Masius chrysopterus). Side view of two nests with A) abundant rootlets on the exterior, and B) abun-
dant moss on the exterior. C) Creamy eggs with brown spots concentrated at the broader end. D) Upper view of the nest with two eggs.

system (e.g., Durdes et al. 2009, DuVal 2007, Kirwan & Green
2011); however, little is known about female behavior during
the nesting period, when she has all reproductive responsi-
bilities. Limited information on nesting is available for some
species of Pipridae (Supplementary Tables 1, 2, 3 and 4 and
references therein). Nevertheless, length of the incubation
and nestling periods, as well as nest attentiveness, remain
unknown for seven of the nine highland species of Pipridae
(Supplementary Tables 3 and 4). Clearly, there is a substan-
tial gap in our knowledge of the basic life history details of
highland manakin species, which is important because
patterns of natural history change with elevation (Johnson et
al. 2006, Boyle et al. 2016) and can inform how rising tem-
peratures will affect the distribution and life history of high-
land birds (Chamberlain et al. 2012, Boyle et al. 2016, Roc-
chia et al. 2018).

Our study aims to report a detailed account of the nesting
biology and behavior of a highland manakin, the Golden—
winged Manakin (Masius chrysopterus). Masius is a mono-
specific genus that dwells from western Colombia to north-
ern Peru (Hilty & Brown 1986). The overall distribution of
this species ranges from 400 to 2300 m a.s.l. (Stotz et al.
1996, Ridgely & Greenfield 2001, Restall et al. 2006, Kirwan
& Green 2011). In Colombia, M. chrysopterus is found on the
Pacific slope of the western Andes from 600 to 2,300 m a.s.l.,
usually inhabiting wet mountain forests and forest borders in
the subtropical zone and foothills (Hilty & Brown 1986).

To date, limited nesting information is available for M.
chrysopterus; Hilty and Brown (1986) described a single, thin-
walled rootlet moss cup nest suspended from a horizontal
fork 2.3 m above a stream on 22 June (year not reported) at
Anchicayd, Valle del Cauca, Colombia. Information about the
eggs is likewise sparse; Greeney & Gelis (2007) and Solano-
Ugalde et al. (2007) reported that M. Chrysopterus has a
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clutch size of two eggs, which can be pale to dark olive-tan,
with heavy brown blotching forming a ring around the larger
end, or pale salmon with red-brown blotches thickest
around the larger end. Hilty & Brown (1986) reported that
the eggs they found in late June in Anchicayd Valley, Colom-
bia, were cream-colored with brown markings concentrated
at the larger end. Greeney & Gelis (2007) reported egg and
nest measurements of four nests in the Mushullacta reserve
in northeast Ecuador between 31 March and 11 April 2005.
Solano-Ugalde et al. (2007) found a single active nest in Min-
do, Pichincha province, in the northwest of the same country
on 28 January 2003. Beyond these brief accounts —nest ma-
terial and egg measurements—, no further information has
been available. Greeney & Gelis (2007) described four nests
located within 40 m of streams as “shallow, sparse rootlet
cups, bound together to the substrate with spider webs, and
lightly decorated on the exterior and rim with pale green
moss that dangled below the cup rim forming a ‘tail’ which
helped obscure the nests’ outline”. Solano-Ugalde et al.
(2007) described the nest as a “sparse, dark fiber cup sparse-
ly decorated with moss which trailed 6.5 cm below the nest,
with some thin strands hanging as far as 10.5 cm below.”
They did not report the nest location.

Based on 10 nests monitored at Parque Nacional Natural
(PNN) Tatam4, Risaralda, Colombia, we provide detailed in-
formation on incubation period and incubation behaviors
(eight nests), nestling period and nestling measurements
(two nests), and feeding of nestlings (one nest).

METHODS
Study area. This study was conducted at the Montezuma

peak, located in Parque Nacional Natural Tatama, Pueblo
Rico, Risaralda, Colombia (5°13'47.96"N, 76°5'1.51"W), at
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Figure 2. Golden-winged Manakin (Masius chrysopterus) nestling development. A) One-day old nestling. B) Three-day old nestling; pin feathers emerging. C)
Six-day old nestling; eyes opening. D) Twelve-day old nestling (age estimated); open eyes and feathers emerged.

the intersection of the Chocd, Risaralda, and Valle del Cauca
departments in Western Colombia. The Park has 519 km? of
protected land, from lowland rainforest up to pdramo. Our
study area covered an elevation gradient between 1,200 —
2,300 m a.s.l., with a mean daily temperature of 17 °C (min —
max = 11.1 — 24.6 °C; Ballesteros et al. 2005). The mean an-
nual rainfall in the park is 1,963 mm. The driest months are
January and July, and the rainiest months are May and No-
vember (Ballesteros et al. 2005, Coca et al. 2012).

Nest searching and measurements. We collected data from
February through July 2014 and 2015. Seven to 12 volunteers
conducted daily nest searches from 07:00 h to 16:00 h six
days a week in fixed plots, located at different elevations on
the Montezuma peak. The plot sizes varied between 10 and
30 hectares.

We followed the method developed by Fierro-Calderdn et
al. (2021) for collecting data for Neotropical species. When
eggs were found, the volunteers recorded their length,
width, and mass. The incubation period was determined only
from nests found with an incomplete clutch. Hence, we cal-
culated the incubation period from the day the last egg was
laid until the day the last egg hatched (Fierro-Calderdn et al.
2021). Similarly, the nestling period began when the last egg
hatched and continued until the last nestling left the nest
(Fierro-Calderdn et al. 2021). To monitor incubation behav-
ior, the volunteers placed in three nest two thermal sensors
attached to a U12 4-channel Hobo data logger, programmed
to collect data every minute (Onset Computer Corporation,
http://www.onsetcomp.com, Cape Cod, Massachusetts,
USA). One sensor was installed inside the nest, under the
eggs, to record nest temperature, and the other was located

approximately 10 cm from the nest to record ambient tem-
perature. The sensor in the nest was used to follow incuba-
tion behavior and the external sensor was used as a refer-
ence temperature to evaluate environmental temperature
fluctuations. We analyzed these data following Cooper &
Mills’ (2005) protocol, considering an increase or decrease in
nest temperature of at least 1.5°C as indicative of the begin-
ning of an on- or off-bout, respectively. From day 13 to 15 of
incubation, only one nest was monitored, as the other two
were depredated. Volunteers visited the nest every five to
six days during the incubation period, and on a daily basis
when hatching was expecting to occur (Fierro-Calderdn et al.
2021).

Nestling mass, tarsus, wing, and bill length were meas-
ured every other day by the volunteers that found the nest
(Fierro-Calderdn et al. 2021). Nestling morphological appear-
ance was recorded every other day (Fierro-Calderdn et al.
2021). We recorded feeding behavior of one nestling at a
single nest with a GoPro camera on 22 May 2014, between
06:50 h and 07:53 h. We measured nests, eggs, and nestlings
using a caliper with an accuracy of 0.01 mm, and a digital
FlipScale (F2, Phoenix, AZ, USA) with an accuracy of 0.05 g.
We compared the size of a nestling that was near fledging
with that of adult males measured in Dr. Gustavo Londofio’s
project between 2015 and 2016.

Data analysis. To examine variation in the number of trips
(off-bouts) and attentiveness across the incubation period,
we used linear regressions in R v.3.2.2 (R Development Core
Team, 2015). We used mass, wing chord, beak, and tarsus
measurements to calculate nestling growth rates using the
logistic equation (Ricklefs 1967):
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Figure 3. Nestling measurements from day 1 to 16, based on six nestlings from five nests of the Golden—-winged Manakin (Masius chrysopterus) monitored at

PNN Tatama between 2014 and 2015. A) Mass. B) Wing, tarsus, and bill length.

W (t) =A / {1 +e (['K(f'ﬁ)])}

Where W (t) is mass, wing chord, beak, or tarsus length at
age t, A is the asymptote of the growth curve, K is a constant
scaling rate of growth, t; is the inflection point of the logistic,
and e is the base natural logarithm. We applied the code
proposed by Sofaer et al. (2013) using R v.3.2.2 (R Develop-
ment Core Team, 2015), which included the used of the R
package nime (Pinheiro et al. 2021) to fit and compare differ-
ent models of growth rate. We used nest ID as a random
effect because nests were monitored by different people and
there might have been small differences in the way the nest-
lings were measured. The figures were made with the pack-
age ggplot2, version 2.1.0 (Wickham 2009). All temperature,
mass, and length measurements are reported as mean + SD.

RESULTS

We found and monitored 10 nests of M. chrysopterus from
March to June in 2014 and 2015, but most of them were
found in March (N = 3, all of them found with eggs) and April
(N = 3, two with eggs and one with nestlings). Of the 10 nests
found, six were predated (one with eggs and five with nest-
lings), two were abandoned (both with eggs), and two were
successful. Nests were placed between 1,367 and 1,629 m
a.s.l. Measurements were based on all 10 nests unless oth-
erwise noted. Eight nests were placed between two horizon-
tal branches in shrubs, but the location varied widely: three
were located at road edges, two near streams and three in
primary forest. The other two nests were found in the forest,
but we do not have notes on exact nest placement or loca-
tion.

The incubation period lasted from 22 to 23 days (N = 2)
and the nestling period lasted from 16 to 17 days (N = 2). At
one nest, incubation period was calculated from the onset of
incubation (25 March) until the hatching of the first egg (17
April, i.e., 23 days). The nest was predated afterwards.
At another nest, the incubation period started on 25 March
and finished on 16 April; thus, the incubation period lasted
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approximately 22 days. The nestling period of M. chrysopter-
us, obtained from two successful nests, was 16 to 17 days. In
the first nest, the nestling period was calculated from the
date the nest was found with newly hatched chicks (17 April)
until they fledged (3 May, i.e., 16 days). In the second nest,
the chicks hatched on 16 May, and fledged on 2 June (i.e., 17
days). The nests were small cups located 2.17 + 0.49 m above
ground. Overall, nest wet mass averaged 1.67 + 0.90 g (range
=0.59 — 3.09, N = 10). The inner layer of the nest was made
of dark brown plant fibers, roots, and moss, and its mass
averaged 0.74 + 0.62 g (range = 0.31 - 2.12, N = 7. For three
of the bigger nests, we do not have inner layer weight). The
outer layer weighed 0.67 £ 0.58 g (range =0.19-1.86, N=7.
For three of the bigger nests, we do not have outer layer
weight) and was made of dark brown rootlets, with spider
webs that were used to attach the nests to the supporting
branches. Two of the nests had long rootlets that gave the
impression of material hanging from the outer surface. Inter-
nally, the nests averaged 55.0 + 4.0 mm x 53.9 + 5.0 and wall
thickness averaged 7.2 = 4.4 mm, while the inner cup depth
was 18.4 + 3.3 mm. Externally, the nest measured 62.1 + 7.8
x 58.0 £ 8.3 x 26.4 + 13.5 mm (length, width, and height; Fig-
ure 1).

The eggs of M. chrysopterus were cream-colored, with
brown spots concentrated near the air-cell end, forming a
“ring” at the larger end (Figure 1). Clutch size was consistent-
ly two eggs in all nests. The eggs measured 18.70 + 0.89 mm
x 13.30 £ 0.39 mm and weighed 1.73 + 0.20 g (N = 16). Upon
hatching (day zero), the nestling skin was pink, the belly or-
ange, the mandible orange, and the maxilla dark gray. The
eyes were closed. On day two, the pinfeathers began to
emerge on the wings. On day six, pinfeathers were present
on the belly, back, and wings, and the eyes began to open.
On day seven, the pinfeathers on the back started to un-
sheathe. On day 13, the eyes were open, and the nestlings
were halfway to being fully feathered on the wings and back
(Figure 2). On day 16, the nestlings were almost fully feath-
ered, and the eyes were completely open. On day 16, the last
day the nestlings were in the nest, the nestlings’ measure-



e ,%.. k. J

NESTING BIOLOGY OF THE GOLDEN-WINGED MANAKIN

Figure 4. Incubating female of Masius chrysopterus. In the background, the red and black thermal sensors used to measure the temperature of the nest and

the environment can be seen. Picture by Jhan C. Salazar.

ments (N = 1) were: mass 7.84 g (vs. adult mass: 11.53 + 4.69
g, N = 29), wing length 39.6 mm (adult wing length: 58.02
1.46 mm, N = 36), and tarsus 17.4 mm (adult tarsus length:
17.22 £ 1.77 mm, N = 32).

The growth rates were: K ,.s = 0.34 (95% confidence in-
terval = 0.30 - 0.38), asymptote = 8.37 + 0.33 g (Figure 3A); K
wing length = 0.21 (0.16 - 0.27), asymptote = 48.81 = 1.40 mm
(Figure 3B); and K tarsus length = 0.18 (0.16 - 0.20), asymptote =
18.07 £ 1.52 mm (Figure 3B). In one of the nests, a nestling
of unknown age was parasitized by Philornis sp. flies (Figure
2D).

We monitored the incubation rhythm at three nests for
15 days (360 hours). Only the female incubated and provided
nestling care (Figure 4). We present data only for the day-
time period. The earliest off-bouts in the morning started
between 05:31 h and 06:19 h, and the female returned to
nonstop nocturnal incubation between 15:24 h and 18:37 h.
Nocturnal incubation lasted from 10 hours and 21 minutes to
12 hours 25 minutes (N = 3). At one nest, for 11 days, the
female incubated the eggs during 73.5 + 2.3 % of the day-
time, with on-bouts of 14.6 + 11.0 min (range = 1 — 62 min)
and 35.8 + 8.1 off-bout trips/day. When the female returned
to the nest, the temperature increased from 22.9 + 3.0 °C to
28.2 £ 3.0 °C (range = 16.4 — 37.1 °C). At a second nest, dur-
ing eight days, the female incubated the eggs during 68.3
5.7 % of the daytime, with on-bouts of 22.5 + 13.3 min
(range =2 — 76 min) and 22.9 + 4.2 off-bout trips/day. When
the female returned to the nest, the temperature increased
from 25.5+4.3°Cto 36.1+ 1.7 °C (range = 16.8 — 42.3 °C). At
a third and last nest, for 14 days the female incubated the
eggs during 69.8 + 4.5 % of the daytime, with on-bouts 28.3 +
20.1 min (range = 1 — 135 min) and 17.7 % 3.2 off-bout trips/
day. The nest temperature increased from 26.0 £ 2.0 °Cto

32.4 £ 1.7 °C (range = 18.9 — 35.3 °C) when that female re-
turned to the nest. We found no evident pattern in the num-
ber of trips the female made during the day as the incuba-
tion period progressed. Similarly, no consistent change in
nest attentiveness occurred throughout the incubation peri-
od. Based on a single video-monitored nest during the nestl-
ing period, we observed four feeding trips in 63 minutes on
22 May 2014 (between 6:50 h and 07:53 h). The female de-
livered red, green, and black fruits into the bill of the 7-day
old nestling and swallowed three fecal sacs.

DISCUSSION

We provide the first detailed nesting biology account for a
cloud forest (highland) manakin species, M. chrysopterus.
Below we compare our findings with related lowland and
highland species based on the phylogenetic tree proposed by
McKay et al. (2010) and Ohlson et al. (2013).

Our breeding season observations of M. chrysopterus are
in agreement with prior research indicating that the species
initiates breeding at the beginning of, or during the wet sea-
son (Hilty & Brown 1986, Stiles & Skutch 1989, Snow 2004,
Kirwan & Green 2011). Overall, manakins that breed south of
the equator lay eggs between August and February (Velho
1932, de la Pefia 1989), and those north of the equator be-
tween March and August (Hellebrekers 1945, Skutch 1969,
Wetmore 1972, Foster 1976, Hilty & Brown 1986, Snow
2004, Kirwan & Green 2011). These differences in breeding
seasons are associated with latitudinal differences that coin-
cide with the beginning of the rainy season north and south
of the Equator.

The 10 nests of M. chrysopterus were 18.2 % larger in
internal diameter than the three nests reported by Greeney

62



ORNITOLOGIA NEOTROPICAL (2022) 33: 58-65

& Gelis (2007; Mushullacta, Ecuador, 1,150 m a.s.l.) for the
same species. The nests found by Greeney & Gelis (2007)
were 26.4% deeper and 4.5% wider than the nests we found,
while the nests we found were 16.7% higher above ground.
The nests described by Hilty & Brown (1986), Greeney & Ge-
lis (2007) and Solano-Ugalde et al. (2007) are similar to the
ones we described; they were also found in horizontal forks
frequently near streams, with spiderwebs present on the
tree branches where the nest was attached. The M. chrys-
opterus nests we found were located 6 m lower than a nest
of the White-throated Manakin (Corapipo gutturalis; 8.30 m,
Kirwan & Green 2011), the most closely related species to M.
chrysopterus with nest information. The nest materials were
similar for both species: mosses on the outside with a thin
layer of black fungal rhizomorphs in the inner cup (Kirwan &
Green 2011).

In our study, M. chrysopterus laid two cream-colored eggs
with brown spots, similar to the egg coloration described by
Hilty & Brown (1986), Greeney & Gelis (2007) and Solano-
Ugalde et al. (2007) for the same species (cream-colored
eggs with dark spots forming a ring around the larger end)
and also similar to other lowland and highland manakin spe-
cies (Hilty & Brown 1986, Stiles & Skutch 1989, Snow 2004,
Kirwan & Green 2011). The egg size of M. chrysopterus in our
study (18.7 £ 0.89 mm x 13.3 + 0.39 mm, N = 16) was smaller
than the egg size reported by Greeney & Gelis (2007) (20.8 +
0.8 mm x 14.5 + 0.4 mm, N = 5) for the same species in
Mushullacta, Ecuador. We observed that eggs of lowland
species were 12% and 13% larger in length and width, re-
spectively, compared to the eggs of M. chrysopterus (see
Chiroxiphia lanceolata, Ceratopipra erythrocephala, Manacus
manacus, Chiroxiphia linearis, Lepidothrix coronata and
Machaeropterus regulus in Supplementary Table 3).

The 22-day incubation period of M. chrysopterus is 18%
(four days) longer than the average 18 days (range = 15 — 21
days) reported for lowland manakin species (see Manacus
vitellinus, M. aurantiacus, M. manacus, Pipra erythrocephala,
Lepidothrix coronata, M. aurantiacus, Chiroxiphia pareola,
Ceratopipra mentalis and Chiroxiphia lanceolata in Supple-
mentary Table 3). Similarly, the 16-day nestling period of M.
chrysopterus was 12.5% (2 days) longer than the average 14
day nestling periods found in lowland species (range = 12 —
16 days; Manacus vitellinus, M. aurantiacus, M. manacus,
Pipra erythrocephala, P. rubrocapilla, Lepidothrix coronata,
Chiroxiphia pareola, Ceratopipra mentalis and Chiroxiphia
lanceolata in Supplementary Table 3). Lower ambient tem-
peratures at higher elevation in tropical mountains may slow
growth and development (compared to tropical lowlands)
(Williams 2012, Nord & Williams 2015).

Our research goal was to provide novel nesting infor-
mation for a highland manakin, improving our understanding
of avian neotropical nesting ecology and behavior of piprids.
Although we show that there is important variation in
nesting traits among manakin species, this is just a glimpse of
the variation in manakins' nesting strategies, as there are
several species for which nesting information remains un-
known.

ACKNOWLEDGMENTS

We would like to thank Dr. Cockle, Dr. Bosque and two anon-
ymous reviewers for their constructive feedback on our man-

63

uscript. We thank D. Botero, J. Sandoval, L. Gomez, M.
Sanchez, M. Bjeli¢, S. Lopez and R. Aracil for finding and mon-
itoring M. chrysopteus nests. We also thank Leopoldina’s
family for their hospitality. This study was possible thanks to
the National Park system that granted permits to work at the
Parque Nacional Natural Tatama. We also want to thank
Mario Loaiza and Manuel Sanchez for their help and guid-
ance in R. Funding was provided by National Science Founda-
tion Grant DEB-1120682.

REFERENCES

Allen, JA (1905) Supplementary notes on birds collected in the San-
ta Marta district, Colombia, by Herbert H. Smith, with descrip-
tions of nests and eggs. Bulletin of the American Museum of
Natural History 21: 275-295.

Alvarez Alonso, J (2001) The cryptic nest of the Orange-crowned
Manakin Heterocercus aurantiivertex. Cotinga 16: 87-89.

Ballesteros, HF, CA Rios, J de Jesus Hernandez, Rl Restrepo, LE Ga-
llego, F Lopez, LA Rendodn, J Ruis, YY Rodriguez, JE Ramirez & JE
Rojas (2005) Plan de manejo: Parque Nacional Natural Tatama.
Parques Nacionales Naturales de Colombia, Santuario, Risaral-
da, Colombia.

Beebe, M & W Beebe (1910) Our search for a wilderness. Henry Holt
& Co., New York, USA.

Beebe, W, Gl Hartley & PG Howes (1917) Tropical wildlife in British
Guiana. New York Zoological Society, New York, USA.

Belcher, C & GB Smooker (1937) Birds of the colony of Trinidad and
Tobago. Part V. Pipridae-Tyrannidae. /bis 14: 225-249.

Binford, LC (1989) A distributional survey of the birds of the Mexi-
can State of Chiapas. Ornithological Monographs 43: 1-418.

Boyle, WA, BK Sandercock & K Martin (2016) Patterns and drivers of
intraspecific variation in avian life history along elevational gra-
dients: a meta-analysis. Biological Reviews 91: 469-482.

Bradshaw, CG & GM Kirwan (1995) A description of the nest of Fiery
-capped Manakin Machaeropterus pyrocephalus from northern
Bolivar, Venezuela. Cotinga 4:30-31.

Brawn, JD, G Angehr, N Davros, WD Robinson, JD Styrsky & CE Tar-
water (2011) Sources of variation in the nesting success of un-
derstory tropical birds. Journal of Avian Biology 42: 61-68.

Burmeister, H (1856) Systematische Uebersicht der Tiere Brasiliens
welche wdhrend einer Reise durch die Provinzen von Rio de
Janeiro und Minas Geraes gesammelt oder beobachtet wurden
von Dr. Hermann Bursmeister. Bd 2. Georg Reimer, Berlin, Ger-
many.

Cadena-Ortiz, H & G Buitron-Jurado (2014) Notes on breeding birds
from the Villano River, Pastaza, Ecuador. Cotinga 37: 38-42.

Castelino, M & C Saibene (1989) Nidificacion de aves en Misiones.
Nuestras aves 20: 7-9.

Castro Astro, IN, JMS Correia & MAS Alves (1997) Predacao de Ma-
nacus manacus (Pipridae) por ofidio Corallus hortulanus (= C.
enydris) (Boidae), no sudeste do Brasil. Pp. 130 in Livro de Resu-
mos do Congresso Brasileiro de Ornigologia VI. Sociedade Brasi-
leira de Ornitologia, Belo Horizonte, Brazil.

Chamberlain, D, R Arlettaz, E Caprio, R Maggini, P Pedrini, A Rolan-
do & N Zbinden (2012) The altitudinal frontier in avian climate
impact research. Ibis 154: 205-209.

Chapman, FM (1935) The courtship of Gloud’s Manakin (Manacus
vitellinus vitellinus) on Barro Colorado Island, Canal Zone. Bulle-
tin of the American Museum of Natural History 68: 471-525.

Christian, DG (2001) Nests and nesting behavior of some little-
known Panamanian birds. Ornitologia Neotropical 12: 327-336.

Chubb, C (1910) On the birds of Paraguay. Part IV. Ibis 4: 571-647.

Coca, LF, D Sanin, JM Posada-Herrera & JA Sierra-Giraldo (2012)
Peltigerales (Ascomycetes Liquenizados) del bosque altoandino
del Parque Nacional Natural Tatama, Colombia. Boletin Cientifi-
co del Centro de Museo de la Universidad 16: 60-72.

Cooper, CB & H Mills (2005) New software for quantifying incuba-



tion behavior from time-series recordings. Journal of Field Orni-
thology 76: 352-356.

de la Pefia, MR (1989) Guia de Aves Argentinas. Tomo VI. Literature
of Latin America, Buenos Aires, Argentina.

Durdes, R, BA Loiselle, PG Parker & JG Blake (2009) Female mate
choice across spatial scales: influence of lek and male attributes
on mating success of blue-crowned Manakins. Proceedings of
the Royal Society 276: 1875-1881.

Durdes, R, HF Greeney & JR Hidalgo (2008) First description of the
nest and eggs of the Western striped Manakin (Machaeropterus
regulus striolatus), with observations on nesting behavior. Or-
nitologia Neotropical 19: 287-292.

DuVal, EH (2007) Cooperative display and lekking behavior of the
Lance-tailed Manakin (Chiroxiphia lanceolata). The Auk 124:
1168-1185.

DuVal, EH & B Kempenaers (2008) Sexual selection in a lekking bird:
the relative opportunity for selection by female choice and male
competition. Proceedings of the Royal Society B 275: 1995-2003.

Euler, C (1900) Descripgdo de ninhos e ovos das aves do Brasil. Re-
vista do Museu Paulista 3: 9-148.

Ferreira, LJ & LE Lopes (2018) Breeding biology of the Pale-bellied
Tyrant-manakin Neopelma pallescens (Aves: Pipridae) in south-
eastern Brazil. Journal of Natural History 52: 1893-1908.

Fierro-Calderén, K, M Loaiza-Mufioz, MA Sanchez-Martinez, D
Ocampo, S David, HF Greeney & GA Londofio (2021) Methods
for collecting data about the breeding biology of Neotropical
birds. Journal of Field Ornithology 0: 1-27.

Foster, MS (1976) Nestling biology of the Long-tailed Manakin. The
Wilson Bulletin 88: 400-420.

Gaiotti, MG, JH Oliveira & Macedo RH (2019) Breeding biology of
the critically endangered Areripe Manakin (Antilophia boker-
manni) in Brazil. The Wilson Journal of Ornithology 131: 571-
582.

Greeney HF & RA Gelis (2007) Breeding records from the north-east
Andean foothills of Ecuador. Bulletin of the British Ornithol-
ogists’ Club 127: 236-241.

Greeney, HF, RA Gelis & R White (2004) Notes on breeding birds
from an Ecuadorian lowland forest. Bulletin of the British Orni-
thologists’ Club 124: 28-37.

Hallinan, T (1924) Notes on some Panama Canal Zone birds with
special reference to their food. The Auk 41: 304-326.

Hazlehurst, J] & GA Londofio (2012) Reproductive biology of the
Yungas Manakin (Chiroxiphia boliviana) in Manu National Park,
Peru. Ornitologia Neotropical 23: 597-601.

Hellebrekers, WPJ (1942) Revision on the Pernard odlogical collec-
tion from Surinam. Zoologische Mededelingen 24: 240-275.

Hellebrekers, WPJ (1945) Further note on the Pernard odlogical
collection from Surinam. Zoologische Mededelingen 25: 93-100.

Hidalgo, JR, TB Ryder, WP Tori, R Durdes, JG Blake & BA Loiselle
(2008) Nest architecture and placement of three manakin spe-
cies in lowland Ecuador. Cotinga. 29: 57-61.

Hilty, SL & WL Brown (1986) A guide to the birds of Colombia.
Princeton University Press, Princeton, New Jersey, USA.

Howell, SNG & S Webb (1995) A guide to the birds of Mexico and
Northern South America. Oxford University Press, Oxford, UK.
Ihering, H Von (1900) Catalogo critico-comparativo dos ninhos e
ovos das aves do Brasil. Revista do Museu Paulista 4: 191-300.
Ihering, H Von (1902) Contribui¢des para o conhecimento da ornito-

logia de S3o Paulo. Revista do Museu Paulista 5: 261-329.

Johnson, LS, E Ostlind, JL Brubaker & SL Balenger (2006) Changes in
egg size and clutch size with elevation in a Wyoming population
of Mountain Bluebirds. The Condor 108: 591-600.

Jones, BC & DuVal EH (2019) Artificial incubation does not affect the
post-hatch development, health, or survival of the Lance-tailed
Manakin (Chiroxiphia lanceolata), a tropical passerine. The Con-
dor: Ornithological Applications 121: 1-10.

Kirwan, GM & G Green (2011) Cotingas and Manakins. Princeton
University Press, Princeton and Oxford, UK.

Kirwan, GM (2016) The nest of Serra do mar Tyrant-Manakin Neo-

NESTING BIOLOGY OF THE GOLDEN-WINGED MANAKIN

pelma chrysolophum with a brief review of nest architecture in
the genera Neopelma and Tyranneutes. Bulletin of the British
Ornithologists' Club 136: 293-295.

Kirwan, GM, A Durand, D Beadle & H Shirihai (2011) First nesting
data from Cerulean-capped Manakin (Lepidothrix coeruleocapil-
la) from southeast Peru. Ornitologia Neotropical 22: 623-626.

Lebbin, DJ, PA Hosner, MJ Andersen, U Valdez & WP Tori (2007)
First description of nest and eggs of the White-lined Antbird
(Percnostola lophotes), and breeding observations of poorly
known birds inhabiting Guadua bamboo in southeastern Peru.
Boletin Sociedad Antioquefia de Ornitologia 17: 119-132.

Linhares, KV, FA Soares & ICS Machado (2010) Nest support plats of
the Araripe Manakin Antilophia bokermanni, a Critically Endan-
gered endemic bird from Ceard, Brazil. Cotinga 32: 121-125.

Margal, BF & LE Lopes (2019) Breeding biology of the Helmeted
manakin Antilophia galeata in an ecotone between the Atlantic
Forest and the Cerrado. Revista Brasileira de Ornitologia 27: 1-9.

Marini, MA (1992) Notes on the breeding and reproductive biology
of the Helmeted Manakin. The Wilson Bulletin 104: 168-173.

Marini, MA, TM Aguilar, RD Andrade, LO Leite, M Ancides, CEA Car-
valho, G Duca, M Maldonado-Coelho, F Sebaio & J Gongalves
(2007) Biologia da nadificacdo de aves do sudeste de Minas
Gerais, Brasil. Revista Brasileira de Ornitologia 15: 367-376.

McKay, BD, FK Barker, HL Mays Jr., SM Doucet & GE Hill (2010) A
molecular phylogenetic hypothesis for the Manakins (Aves:
Pipridae). Molecular Phylogenetics and Evolution 55: 733-737.

Nord, A & JB Williams (2015) The energetic costs of incubation. Pp.
152-170 in DC Deeming & SJ Reynolds (eds.). Nests, Eggs & Incu-
bation: New ideas about avian reproduction. Oxford University
Press, New York, USA.

Ohlson, JI, J Fjeldsa, & PGP Ericson (2013) Molecular phylogeny of
the Manakins (Aves: Passeriformes: Pipridae), with a new classi-
fication and the description of a new genus. Molecular Phyloge-
netics and Evolution 69: 796-804.

Olney, PJ (1973) Breeding the Blue-backed Manakin Chiroxiphia
pareola at London Zoo. Aviculture Magazine 79: 1-3.

Olney, PJ (1974) First breeding of the Blue-backed Manakin Chirox-
iphia pareola in captivity. International Zoo Yearbook 14: 105-
106.

Oniki, Y & EO Willis (1982) Breeding records of birds from Manaus,
Brazil: lll. Formicariidae to Pipridae. Revista Brasileira de Biolo-
gia 42: 563-569.

Oniki, Y & EO Willis (1983) A study of breeding birds of the Belém
area, Brazil: IV. Formicariidae to Pipridae. Ciéncia e cultura 35:
1325-1328.

Pinheiro, J, D Bates, S DebRoy & D Sarkar (2021) nlme: Linear and
Nonlinear Mixed Effects Models. R package version 3.1-152.
Pinto, OMO (1953) Sobre a colegdo Carlos Estevdo de peles, ninhos
e ovos das aves de Belém (Pard). Papéis Avulsos de Zoologia Sdo

Paulo 11: 113-224.

Prum, RO, JD Kaplan & JE Pierson (1996) Display behavior and natu-
ral history of the Yellow-crowned Manakin (Heterocercus flavi-
vertex: Pipridae). The Condor 98: 722-735.

R core team (2015) R: a language and environment for statistical
Computing. Version 3.2.2. R Foundation for Statistical Compu-
ting, Vienna, Austria.

Raine, AF (2007) Breeding records from the Tambopata-Candamo
Reserve Zone, Madre de Dios, south-east Peru. Cotinga 28: 53-
58.

Ramirez Gonzédlez, MG & JC Arias Garcia (1995) Caracteristicas re-
productivas del saltarin Allocotopterus deliciosus en la Reserva
Natural la Planada. Boletin Sociedad Antioquefia de Ornitologia
6:18-21.

Restall, R, C Rodner & M Lentino (2006) Birds of Northern South
America. Christopher Helm, London, UK.

Ricklefs, RE (1967) A graphical method of fitting equations to
growth curves. Ecology 48: 978-983.

Ridgely, RS & PJ Greenfield (2001) The Birds of Ecuador. Christopher
Helm, London, UK.

64



ORNITOLOGIA NEOTROPICAL (2022) 33: 58-65

Robinson, WD, T Rodden Robinson, SK Robinson & JD Brawn (2000)
Nesting success of understory birds in Central Panama. Journal
of Avian Biology 31: 151-164.

Rocchia, E, M Luppi, O Dondina, V Orioli & L Bani (2018) Can the
effect of species ecological traits on birds' altitudinal changes
differ between geographic areas? Acta Oecologica 92: 26-34.

Ryder, TB, R Durdes, WP Tori, JR Hidalgo, BA Loiselle & JG Blake
(2008) Nest survival for two species of manakins (Pipridae) in
lowland Ecuador. Journal of Avian Biology 39: 355-358.

Schonwetter, M (1969) Handbuch der Oologie. Akademic Verlag,
Berlin, Germany.

Schwartz, P & DW Snow (1979) Display and related bahavior of the
Wire-tailed Manakin. Living bird 17: 51-78.

Sick, H von (1959) Zur Entdeckung von Pipra vilasboasi. Journal of
Ornithology 100: 404-412.

Sick, H von (1997) Ornitologia Brasileira. Ed. Nova Fronteira, Rio de
Janeiro, Brazil.

Skutch, AF (1949) Life history of the Yellow-thighed Manakin. The
Auk 66: 1-24.

Skutch, AF (1967) Life histories of Central American highland birds.
(Publications of the Nuttall Ornithological Club No.7). Harvard
University, Cambridge, USA.

Skutch, AF (1969) Life histories of Central American birds, lll. Pacific
Coast Avifauna 35: 1-580.

Snethlage, E (1935) Beitrage zur Fortpflanzungsbiologie
brasilianischer Vogel. Journal of Ornithology 83: 532-562.

Snow, DW (1962a) A field study of the Black and White Manakin,
Manacus manacus, in Trinidad. Zoologica 47: 65-104.

Snow, DW (1962b) A field study of the Golden-headed Manakin,
Pipra erythrocephala, in Trinidad, W.l. Zoologica 47: 183-193.
Snow, DW (2004) Family Pipridae (Manakins). Pp. 110-169 in del
Hoyo, J, A Elliot & DA Christie (eds). Handbook of the birds of the
world. Volume 9: Cotingas to Pipits and Wagtails. Lynx Edicions,

Barcelona, Spain.

Sofaer, HR, PL Chapman, TS Sillett & CK Ghalambor, (2013) Ad-
vantages of nonlinear mixed models for fitting avian growth
curves. Journal of Avian Biology 44: 469-478.

Solano-Ugalde, A A, Arcos-Torres & HF Greeney (2007) Additional
breeding records for selected avian species in northwest Ecua-
dor. Boletin Sociedad Antioquefia de Ornitologia 17: 17-23.

Stiles, FC & AF Skutch (1989) A guide to the birds of Costa Rica.
Christopher Helm, London, UK.

Stone, W (1918) Birds of the Panama Canal Zone, with special refer-

65

ence to a collection made by Mr. Lindsey L. Jewel. Proceedings
of the Academy of Natural Sciences of Philadelphia 70: 239-280.

Stotz, DF, JW Fitzpatrick, TA Parker & DK Moskovits (1996) Neotrop-
ical Birds: Ecology and Conservation. University of Chicago
Press, Chicago, USA.

Tostain, O (1988a) Nouvelles données sur la nidification de quatre
manakins (Pipridae) de Guyane francaise. Aluada 56: 159-170.

Tostain, O (1988b) Description du nid et de la ponte du Manakin a
gorge blanche, Corapipo gutturalis, Pipridae. Alauda 56: 176-
177.

Tostain, O (1988c) Le nid et la ponte de Perissocephalus tricolor,
Cotingidae, en Guyane frangaise Pipra pipra, P. serena, P. aureo-
la et P. erythrocephala. Alauda 56: 153-158.

Valsko, J & M Ancides (2008) Descrigdo de construgdo e estrutura
de um ninho de Pipra erythrocephala (Passeriformes: Pipridae).
Pp. 42 in Dornas, T & M. De Oliveira Barbosa (eds.). Congresso
Brasileiro de Ornitologia XVL, Resumos. Sociedade Brasileira de
Ornitologia, Palmas, Brazil.

Velho, PPP (1932) Descrigdo de alguns ovos de aves do Brasil exis-
tentes nas cole¢des do Museu. Boletim do Museu Nacional 8: 49
-60.

Wetmore, A (1972) The birds of the Republic of Panama, part 3.
Smithsonian Miscellaneous Collections 89: 173-260.

Whittaker, A, GM Kirwan & JC Thompson (2010) First nest descrip-
tions for Hoffmann’s Woodcreeper Dendrocolaptes hoffmannsi
and Snow-capped Manakin Lepidothrix nattereri. Cotinga 32:
162-164.

Wickham, H (2009) ggplot2: elegant graphics for data analysis.
Springer, New York, USA.

Williams, TD (2012) Timing of Breeding. Pp. 52-99 in Williams, TD.
Physiological Adaptations for Breeding in Birds. Princeton Uni-
versity Press, New Jersey, USA.

Willis, EO (1966) Notes on a display and nest of the Club-winged
Manakin. The Auk 83: 475-476.

Worthington, AH (1982) Population sizes and breeding rhythms of
two species of manakins in relation to food supply. Pp 213-225
in Leigh EM, Rand AS & Windsor DM (eds.). The Ecology of a
Tropical Forest. Smithsonian Institution Press, Washington DC,
USA.

Zima, PVQ, DF Perrella, CH Biagolini Jr., L Ribeiro-Silva & MR Francis-
co (2017) Breeding behavior of the Atlantic Forest endemic Blue
Manakin (Chiroxiphia caudata). The Wilson Journal of Ornitholo-
gy 129: 53-61.



