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Abstract - Animal patterns of space use have fundamental consequences for ecological processes such as animal-
mediated seed dispersal. This study examines the use of space of an understory frugivore: the White-crowned
Manakin (Dixiphia pipra) during the non-breeding season at Tiputini Biodiversity Station in Ecuador. We radio-tracked
seven individuals of different sexes and ages. We found that White-crowned Manakins have relatively small home
ranges varying from 1.19 to 5.73 ha. The home ranges of male juveniles (2.25 + 0.62 SE) were larger than that of the
adult males (1.20  0.01 SE), but smaller than those of females (4.27 + 0.77 SE). Females and second-year males were
found to perform more long distance flights outside their core home range than hatch-year or adult males. These
movement differences suggest that they disperse seeds longer distances and more evenly across their home range.
Adult and hatch-year males appear to perform more short distance seed dispersal events. We argue that these contri-
butions are complementary, and that White-crowned Manakins are key dispersal agents that have a significantly influ-
ence in the structure and composition of understory plant communities in the Amazon rainforest.

Resumen - Uso de espacio del Saltarin Coroniblanco (Dixiphia pipra) en la Amazonia Ecuatoriana

Los patrones de uso espacial utilizados por animales tienen consecuencias fundamentales en procesos ecoldgicos,
tales como la dispersion de semillas. Este estudio examina el uso espacial de una especie frugivora de sotobosque: el
Saltarin Coroniblanco (Dixiphia pipra) durante el ciclo no-reproductivo en la Estacidn de Biodiversidad de Tiputini en
Ecuador. Seguimos por radio telemetria a siete individuos de diferentes sexos y edades. Encontramos que el Saltarin
Coroniblanco tiene un rango de hogar relativamente pequefio, variando entre 1,19 a 5,73 ha. El rango de hogar de los
machos juveniles (2,25 + 0,62 EE) es mas grande que el de los machos adultos (1,20 + 0,01 EE), pero mas pequefio que
el de las hembras (4,27 + 0,77 EE). El estudio encontré que las hembras y los machos de segundo aiio realizaron vuelos
mas largos fuera del nicleo de su rango de hogar, comparado con machos juveniles del afio o0 machos adultos. Estas
diferencias sugieren que podrian dispersar semillas a mayores distancias y de manera mas homogénea a lo largo de su
rango de hogar. Los machos adultos y los juveniles del afio parecen llevar a cabo eventos de dispersién de semillas a
distancias mas cortas. Nosotros argumentamos que estas contribuciones son complementarias y que los Saltarines
Coroniblancos son agentes de dispersidn claves, influenciando considerablemente la estructura y la composicidon de
las comunidades de plantas del sotobosque en el bosque tropical lluvioso de la Amazonia Ecuatoriana.
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INTRODUCTION

Having knowledge of animal use of space can help us to better understand key ecological and evolutionary pro-
cesses (Naef-Denzer 1994), as well as identify habitat requirements for conservation planning and management
(Davis et al. 2014). Animal movements can be influenced by many factors such as topography (Westcott 1994),
food distribution (Pyke 1984), competition (MacArthur & Levins 1964), predation (Jefferies & Lawton 1984;
Suhonen et al. 1994), mate availability (Bradbury & Gibson 1983), among others. These factors may play differ-
ent roles for individuals of different ages and sexes (Westcott & Graham 2000), and could also vary between
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seasons (e.g., reproductive vs non-reproductive sea-
sons, Théry 1992). This is particularly true in species
with lek mating systems, where males, females, and
juveniles play very different roles in reproduction. In
these systems, adult males cluster in space and
defend a small territory where they perform court-
ship displays to prospective females with the purpose
of copulation. Females freely visit display territories
to choose mates, after which they perform all paren-
tal duties without help (e.g., Bradbury & Gibson
1983, Ligon 1999). In some lekking species, juvenile
males have delayed plumage maturation (e.g., Foster
1987, McDonald 1993, DuVal 2005, Ryder & Duraes
2005, Doucet et al. 2007, Ryder & Wolfe 2009) and it
can take them a few years to gain access to reproduc-
tion (Tori 2008, Ryder et al. 2008, Duval & Kempe-
naers 2008, but see Alatalo et al. 1996). Juvenile
females typically join the reproductive pool faster
(WPT pers. observ.).

Differences in individual space use can have signif-
icant effects in ecological processes such as seed dis-
persal. Seed dispersal is the movement of seeds away
from a parental plant. It can be advantageous for
many reasons such as escaping high mortality caused
by distance/density dependence due to crowding or
disease near the parental plant, by allowing the seed
to arrive to rare sites with higher probability of sur-
vival, or by finding suitable sites that are unpredict-
able in space and time (e.g., tree fall gaps; Wenney
2001). Typically most seeds are moved relatively
short distances (Wilson 1993), however long-distance
dispersal events are crucial for population spread,
population dynamics, and for the maintenance of
genetic connectivity (Trakhtenbrot et al. 2005).

The objective of this study was to describe the use
of space and the potential role as seed disperser of a
lekking species of the family Pipridae, the White-
crowned Manakin (Dixiphia pipra). To our knowledge,
only one previous study examined movement pat-
terns by this species using radio-marked individuals
(Théry 1992), however, data available were collected
mostly during the breeding season and at one single
location (French Guyana), despite its wide geographic
range. Here we examined space use by individuals of
different sexes and ages during the non-breeding sea-
son at Tiputini Biodiversity Station in the Ecuadorian
Amazon rainforest. We predicted that female space
use (measured as home ranges size, home range
overlap and distance traveled in 30 minutes) would
be greater than those of adult males, because adult
males are constrained by their need to defend territo-
ries which are a requirement for reproduction. More-
over, we predicted that juvenile males would have
larger home ranges (hereafter HR) than adult males
and females. Juvenile males are expected to visit mul-
tiple leks to maximize their social affiliations with
other males, and increase their chances to inherit a
territory (Ryder et al. 2008) and become established
in a lek to gain potential access to reproduction. Ages
and sexes with larger HRs were predicted to perform
longer distance seed dispersal events.
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METHODS

Study site. The research was conducted in a 100 ha
plot (Harpia plot) at Tiputini Biodiversity Station
(hereafter TBS) located along the Tiputini River in the
Orellana province in eastern Ecuador (~0°38'S,
76°08'W). TBS encompasses 650 ha of largely undis-
turbed rainforest, located within the 1.5 million ha
Yasuni Biosphere Reserve. The Harpia plot elevation
ranges from 201 to 233 m a.s.l. (Duraes et al. 2007). It
is gridded (100 x 200 m grid lines), and trails are geo-
referenced and marked every 50 m (for more infor-
mation see Loiselle et al. 2007a).

Study species. White-crowned Manakins are small
passerines in the family Pipridae. They are sexually
dimorphic; adult males are black with white crowns
and napes, and females are olive-green with blue-
grey heads (del Hoyo et al. 2004). Juvenile males
fledge the nest with plumage coloration similar to
females, and they usually show some signs of definite
male plumage (i.e., white feathers in crown and black
feathers in body) after their first year (i.e., end of first
breeding season). Males acquire full adult plumage
late in their second-year (Ryder & Durdes 2005).
White-crowned Manakins display on exploded leks,
in which males are in auditory but not visual contact
(Castro-Astor et al. 2007, Tori 2008).

White-crowned Manakins inhabit the understory.
They are mainly frugivorous (Worthington 1982, Tori
2008), but they also consume some insects (Fair et al.
2013, WPT pers. observ.). They eat a wide diversity of
soft fleshy fruits and arillate seeds; consuming the
pulp or aril and discarding the seed via regurgitation
or passage through the gut. Loiselle et al. (2007b), in
a short-term study conducted at our study site,
reported that White-crowned Manakins consumed
44 different fruit species. Fruits from the families
Melastomataceae, Rubiaceae, and Araceae make up a
large proportion of Manakin diets (Krijger et al. 1997,
Loiselle and Blake 1990).

Home range and spatial movement estimates. We
set up mist nets to capture White-crowned Manakin
individuals around fruiting trees in previously known
manakin capture locations within the Harpia plot dur-
ing June—July 2009 and 2014, and June 2011 (non-
breeding season: when males are not fully active at
leks; breeding season: November—April, Duraes
2009). Green individuals with unknown sex were
molecularly sexed (Griffiths et al. 1998). All individu-
als were tagged with a radio transmitter that
weighted less than 5% of their body mass (models
BD-2N/0.51 g and BD-2N/0.39 g, Hollohil Systems
Ltd). Radio transmitters were attached using Rappole
harnesses (Rappole & Tipton 1991). We employed tri-
angulation telemetry and recorded simultaneously
the direction (i.e., bearings) of the bird with respect
to three observers in known locations (mean + SE
time interval between recordings 14.99 + 0.354 min-
utes) for 5 to 9 days (until all areas known to be used



by the bird were well sampled). In one case (adult
male 2) the battery of the transmitter died after 3
days and we were able to collect only two full days of
telemetry data. In order to avoid triangulation errors
due to the movement of the bird, the three observers
took highly synchronized measurements (Schmutz &
White 1990) using two-way radios. We ensured that
all birds had telemetry recordings across the day
from dawn to dusk. We entered our data (observer
locations and bearings) into the program LOAS™
4.0.3.8 (Ecological Software solutions LLC) and used
the maximum likelihood estimator (accuracy
0.000001, 60 iterations) to calculate bird locations (x,
y coordinates) for each telemetry recording. We dis-
carded all measurement sets that did not form trian-
gles or had an error ellipse area greater than 5000 m?
(for details see LOAS™ 4.0.3.8, Ecological Software
solutions LLC). We then used R (version 2.12), Geo-
spatial Model Environment (GME) and ArcGIS (ver-
sion 10.1, minimum bounding geometry - convex
hull) to estimate the HR of all individuals. We calcu-
lated HRs using two methods (1) 100% Minimum
Convex Polygon (MCP), a widely used method that
draws a boundary polygon around all the known bird
locations (provides information about extent of an
individual’s HR and allows comparisons across stud-
ies); and (2) Kernel-density Estimators (50% and
90%), which provide a HR estimate (probability den-
sity function) based on a probabilistic measure of ani-
mal space use (provides information about utilization
of space within the HR). For the Kernel-density Esti-
mator we used the least-squares cross-validation
smoothing parameters (LSCV, Worton 1995). To
examine if we had appropriate sampling effort to
estimate accurate HRs using MCP, we created HR
area accumulation curves for each radio-tracked indi-
vidual. To do this, we randomly drew 5 locations at
the time (until all locations were included) and built
accumulation curves using HR area as the predictor
variable. We fitted a polynomial (second order) equa-
tion and assumed appropriate sampling if the curve
reached a stable asymptote.

To compare HR overlap (100% MCP) between indi-
viduals we used ArcGIS (version 10.1). We created
raster layers for individual HRs (cell size 1 m?), and
reclassified each layer giving a value of 1 to any cell
within the HR and a value of 0 to cells outside the HR.
Next we added each pair of layers using raster calcu-
lator and calculated the HR area overlap by adding
the total area of cells with a value of two.

To get a better sense of the mobility of this spe-
cies and their potential for seed dispersal within their
HR, we calculated the straight-line Euclidean distance
each individual traveled in 30-minute intervals. Time
intervals were selected to mimic the maximum gut-
transit time found for 14 species of labeled fruit (fam-
ilies: Araceae, Malpighiaceae, Cyclanthaceae, Dille-
niaceae, Annonaceae, Salicaceae, and Rubiaceae) in
two closely related species (Red-capped Manakin Ce-
ratopipra mentalis, Golden-collared Manakin Mana-
cus vitellinus; for details see Worthington 1989).

SPACE USE OF WHITE-CROWNED MANAKIN

Using these data, we ran a One-way ANOVA compar-
ing the average movement among individuals, and
we conducted Tukey HSD post hoc comparisons. Data
were transformed to fulfill parametric assumptions.
Statistical analyses were conducted in SPSS (version
23).

RESULTS

We estimated the HR of seven individuals: two males
in adult definitive plumage (A males), one second-
year male (SY male), one hatch-year male (HY male),
and three females. The number of telemetry loca-
tions used to calculate HR estimates ranged from 73
to 205 with a mean of 121.42 (+ 18.81 SE). For all
individuals we used larger samples sizes than the
minimum number of locations recommended by
some authors in the literature (> 30 locations; Sea-
man et al. 1999). Moreover, our HR area accumula-
tion curves suggest that our MCPs are good
representations of the HR during the non-breeding
season, since all individuals reached a relatively sta-
ble asymptote with the sample sizes used (Figure 1,
Table 1).

The mean (+ SE) 100% MCP HR size was largest for
females (4.27 = 0.77 ha), followed by juvenile males
(2.25 £ 0.62 ha) and adult males (1.20 = 0.01 ha). The
second-year male showed a larger MCP HR (2.87 ha)
than the hatch-year male (1.64 ha). An equivalent
pattern but with smaller HR areas were found using
50% and 90% Kernel-density Estimators (Table 1,
Figure 2 A-G). In all cases, individuals’ use of space
was very heterogeneous, spending 50% of their time
in an area as small as 9-26% of their HR.

MCP HRs of White-crowned Manakins of all ages
and sexes largely overlap with each other (Table 2,
Figure 2H). Female HRs overlap with male HRs even
outside the breeding season. Male HRs overlap more
with other individuals. Female HRs were not found to
overlap with each other, however we believe this lack
of overlap is influenced by chance due to small sam-
ple sizes (population was not comprehensively sam-
pled).

The straight-line Euclidean distance traveled by
individuals during 30 minutes ranged from 3.53 to
178.34 m for females (n = 104), from 2.02 to 242.36 m
(n = 75) for juvenile males, and from 4.44 to 79.23 m
(n = 52) for adult males. We found a significant differ-
ence in the distance traveled in 30 minutes among
individuals of different sexes and ages (Fg 24 = 7.86,
P < 0.001, Figure 3). Females and the second-year
male tended to travel longer distances than adult and
hatch-year males. Statistical results for pairwise post
hoc comparisons are shown in Figure 3. Similar result
were found for 15- and 45-minute intervals (data not
shown).

DISCUSSION

Our results only partially support our predictions
about HR size among sex and age groups in White-
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Figure 1. Home range area accumulation curves (using 100% Minimum Convex Polygons) and polynomial second order func-
tions for three White-crowned Manakin (Dixiphia pipra) females (grey, black and white circles respectively), two adult males
(white and black squares) and 2 juvenile males (hatch-year male: grey triangles and second-year male: white triangles) at Ti-

putini Biodiversity Station, eastern Ecuador.

crowned Manakins. We found that female HRs are
about 3.5 times larger than those of adult males, but
juvenile males have intermediate HR sizes (1.9 times
smaller than females). In lek-mating systems, males
are expected to have high territory attendance to
maximize reproductive success (e.g., Fiske et al. 1998,
Karubian et al. 2012). We found that males are more
sedentary maintaining a close watch of their territo-
ries even outside the breeding season. Females are
usually solitary (WPT pers. observ.) and their move-
ments are not constrained by territorial defense, so
they are able to move more freely among resources
(e.g., food, bathing sites, mates, etc.) and have larger
HRs. Second-year males were found to have larger
HRs and longer trip distances than hatch-year males.
As a consequence females and second-year males
move more widely and are expected to perform
more long distance seed dispersal events. Our results
suggests that differences in age and sex have a strong
effect on individual movement patterns that can be
translated into important consequences in seed-dis-
persal patterns.

Home ranges and space use. We found that White-
crowned Manakins have a relatively small HR
(1.19-5.73 ha) compared with many other tropical
understory frugivores such as Ochre-bellied Fly-
catcher (Tyrannidae: Mionectes oleaginous, 28.4 +
3.7 ha; Wescott & Graham 2000), Swallow-tailed
Manakin (Pipridae: Chiroxiphia caudata, 1.6-15.6 ha;
Hansbauer et al. 2008), Golden-headed Manakin
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(Pipridae: Ceratopipra erythrocephala, 3.0-22.7 ha),
White-fronted Manakin (Pipridae: Lepidothrix serena,
2.8-24.1 ha), White-bearded Manakin (Pipridae:
Manacus manacus, 2.1-20.3 ha), White-throated
Manakin (Pipridae: Corapipo gutturalis, 2.0-10.0 ha),
and Brown-winged Schiffornis (Tityridae: Schiffornis
turdina, 14.3-20.1 ha) (Théry 1992, but see Duraes et
al. 2007). Our HR estimates are relatively consistent
with the only other study that estimated HRs in
White-crowned Manakins in French Guiana (Théry
1992, see Table 1). However, Théry found that imma-
ture males had the largest HRs (Table 1), and the HR
estimates (100% MCP) resulting from his study were
substantially larger than ours, exceeding our mean
HR estimates for all sexes and ages by more than 45%
(female: 4.27 vs. 9.0 ha, male: 1.20 vs. 2.2 ha, and
second-year male: 2.25 vs. 19.8 ha). These differ-
ences could be the result of many reasons. First, both
studies used telemetry methods that could have
resulted in different levels of accuracy when estimat-
ing bird locations. In Théry’s study, bird locations (i.e.,
fixes) were recorded by a single observer from sta-
tions placed every 20 m in the field. This methodol-
ogy does not account for triangulation errors due to
fast movements by the radio-tracked bird (see
Schmutz & White 1990). In our study, we recorded
bird locations by three observers simultaneously.
Durdes et al. (2007), using a similar synchronized
telemetry technique in a closely related manakin spe-
cies (Blue-crowned Manakin, Lepidothrix coronata),
found similar female HR areas than ours (100% MCP:
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Figure 2. White-crowned Manakin (Dixiphia pipra) home ranges (HRs) during the non-breeding season at Tiputini Biodiversity
Station, eastern Ecuador. Panels A-G show individual HRs using a 100% Minimum Convex Polygons (dotted line) and Kernel-
density Estimators (50%: double hatched line; and 90%: solid line). White circles depict bird locations. Panels are drawn to the
same scale for comparisons. Panel H shows HR overlaps for 100% Minimum Convex Polygons for females (female 1-3), adult
(A male 1-2), hatch-year (HY male) and second-year (SY male) males. Note the change in scale for panel H.

4 ha, 95% confidence intervals 2—6 ha). Second, HR
estimates can be influenced by small sample sizes
and the statistical properties of the HR estimator
used. Minimum Convex Polygon estimates have the
limitation that the size of the HR tends to increase as
sample size increases (Boulanger & White 1990). This
is an unlikely explanation for the differences found,
since our cumulative HR area results suggest that our
HR estimates reached a relatively stable asymptote
and therefore should be good estimates of HR sizes.
Third, the HR estimations reported by Théry were
done mostly during the breeding season, while our
estimates were done in the non-breeding season. It is
likely that bird movements significantly change

across seasons, because individuals need to fulfil dif-
ferent life-history needs throughout the year. For
example, female 3 HR did not overlap with any lek
(WPT pers. observ.), thus she will need to extend her
HR during the breeding season to get access to
mates, and could also potentially alter her movement
patterns due to parental activities (e.g., feeding
chicks, traveling with fledglings). In this sense, our
female HR estimates are probably conservative, since
females might travel large distances outside their
normal ranges to fulfill reproductive needs. Lastly,
the differences found between studies might be
explained by differences in bird movements due to
variations in habitat characteristics or bird behaviors
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Table 2. Pair-wise comparison matrix of the percent of area of overlap between 100% Minimum Convex Polygon home ranges
(HRs) of White-crowned Manakin (Dixiphia pipra) females , adult (A), hatch-year (HY) and second-year (SY) males in eastern
Ecuador. Cells below the diagonal report the presence or absence of HR overlaps between pairs of individuals. Cells above the
diagonal report the percent HR overlap (% area of the HR) of individuals in the row, followed by the percent of HR overlap of

the individuals in the column.

Sex/age Female 1 Female 2 Female 3 Amalel A male 2 HY male SY male
Female 1 - 0 0 0 0 0 47.8,51.3
Female 2 No - 0 18.8, 62.6 4.1,13.8 37.9,92.8 0
Female 3 No No - 1.8,8.8 8.1,39.0 0 0
Amalel No Overlap Overlap - 46.8,47.2 68.1, 50.0 0

A male 2 No Overlap Overlap Overlap - 16.6,12.1 49.7, 20.6
HY male No Overlap Overlap Overlap Overlap - 0

SY male Overlap No No Overlap Overlap No -

between study sites. Regardless of these differences,
both studies are consistent with the hypothesis that
adult males are more stationary than females
because they need to defend territories and display
for females in order to have access to reproduction
(territoriality appears to be a pre-requisite for repro-
duction in this species, Tori 2008). Interestingly, our
results differ significantly from Théry’s HR sizes for
males during the non-breeding season. Théry argued
that male HRs during the non-breeding season are
unstable, and can cover up to 30 ha in 5 days. To the
contrary, our results suggest that male White-
crowned Manakins stay close to their established ter-
ritories year round, probably defending their display
sites from potential contesters even outside the
breeding season.

Our HR results also show that males visit other
neighboring territories within their lek, but they do
not perform long-distance flights to visit other leks
during the non-breeding season. We also found that
female, male, and juvenile HRs overlap in space.
Although our data provides no information on the
social interactions between individuals, it demon-
strates space-use sharing among individuals of differ-
ent ages and sexes. This information is consistent
with previous reports that suggest that manakins can
feed at fruiting trees (Leck 1969, Lill 1976) and inter-
act at bathing sites (Théry 1992) with little to no
aggression among conspecifics. Tolerance of other
individuals across the HR is not expected to be the
same for individuals of all sexes. Adult males for
instance have antagonistic interactions with other
adult males within their territories (about 4.7% of
their HR area) at leks during the breeding season (Tori
2008), and they have been found to respond to play-
back and bird dummies within their territories during
the non-breeding season (WPT pers. observ.). As far
as we know, there is no evidence that females or
hatch-year males would engage in antagonistic inter-
actions with conspecifics within their HRs.

Seed dispersal potential. Manakins have been
reported as important seed dispersers for some
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prevalent plant families in the Neotropics (e.g.,
Wheelwright et al. 1984, Loiselle & Blake 1999, Loi-
selle & Blake 2002). As lek breeding birds, White-
crowned Manakins of different sexes (Karubian et al.
2012) and ages are expected to have different repro-
ductive strategies that can lead to different effective-
ness as seed dispersers (Cestari & Pizo 2013). Males
have been suggested to be more constrained than
females and juveniles in the potential for seed move-
ment (long-distance dispersal) because they are
required to spend considerable time at aggregated
display sites to get access to reproduction (Loiselle et
al. 2007b). Our findings are consistent with these
arguments. We found that females and second-year
males had larger HRs, performed more long-distance
flights outside their core HR, and traveled farther dis-
tances during 30-minute intervals (representative
gut-passage time). The mean seed dispersal distance
for females (55.47 + 7.10 m) and the second-year
male (57.40 m) in 30 minutes is about 1.8 times
larger than the one found for resident males (29.77
2.55 m). Our study suggests that the majority of
seeds ingested by males are deposited in the lek
neighborhood (HR core area). Surprisingly, the only
hatch-year male we followed showed similar seed-
dispersal potential as adult males (31.74 m). Females
and second-year males generate a more extensive
and even distribution of seeds, and are more likely to
be responsible for long distance dispersal events.
Adult and hatch-year males appear to provide com-
plementary dispersal services, dispersing seed at
smaller distances and in a more clumped distribution.
Radio-tracking revealed that adult males spent large
amounts of their time in very small core areas around
leks. It is possible that leks could act as ecological
seed traps, where clumped seeds within territories
(e.g., area under favorite display perches) might have
lower survival probabilities due to crowding (Cestari
& Pizo 2013). However, Ryder et al. (2006) reported a
higher incidence of fruiting trees and fruit biomass
within White-crowned Manakin leks at TBS. Other
authors have also reported higher density of seeds
with no apparent effect on seedling survival in leks of
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Figure 3. Mean distance traveled (+ SE) by White-crowned Manakin (Dixiphia pipra) individuals during 30-minute intervals.
Bars with similar letters are not significantly different from each other (Tukey’s HSD, P> 0.05). Females and second-year males
(SY male) tended to travel farther distances than males. Surprisingly the hatch-year male (HY male) moved similar distances

as the adult males (A male).

the Long-wattled Umbrellabird (Cephalopterus pen-
duliger) in Ecuador (Karubian et al. 2012). This sug-
gests that even sedentary displaying males could play
an important role in seed dispersal, and have a large
influence in the structure and composition of plant
communities.

To the best of our knowledge, this is the first study
that provides significant insight into how differences
in life history strategies of White-crowned Manakins
can drive important consequences for seed dispersal
even outside the breeding season. Our results suggest
that individuals of different sexes and ages are not
equivalent in their ecological role as seed dispersers.
Females and second-year males make longer move-
ments, thus distributing relatively few seeds at lek
sites. In contrast, hatch-year and adult males act
mainly as short-distance seed dispersers within their
HR core area. We argue that these contributions are
complementary and that White-crowned Manakins
are key dispersal agents for many understory plants in
the Amazon rainforest. We acknowledge that our
small sample sizes limit the level of our inference, and
we understand that this study is not capturing all the
variability in space use for different sexes and ages.
Further studies are required to provide insight on
individual movement patterns during the breeding
season, as well as to examine whether individuals of
different ages and sexes bring seeds to sites with dif-

ferent environmental characteristics that affect the
probability of plant recruitment.

ACKNOWLEDGMENTS

Special thanks to M. Hennessey, Z. Silberberg, and M.
Ventura for their help collecting and analyzing data.
We are deeply indebted to B. Loiselle and J. Blake for
their collaboration. Special thanks to J. I. Pareja for
his insights, helpful comments, and support along the
study. We are grateful to J. H. Tori for help with trans-
lation of the abstract. We are grateful to W. Robin-
son, K. Delhey, and one anonymous reviewer for
helpful comments on the manuscript. We also thank
D. and C. Romo, K. Swing, J. Guerra, D. Mosquera,
T. B. Ryder, J. R. Hidalgo, D. McCartney, K. Wills,
E. Butler, J. Iverson, C. Smith, E. Pareja, A. Otero, J.
Logan, and all the Tiputini Biodiversity Station staff
for their support. We would like to thank N. and S.
Test, Earlham College's Faculty-Student Collaborative
Research Project Fund, and the Biology Department
at Earlham College for funding this project. Thanks to
Ministerio del Ambiente, Distrito Forestal Napo,
Tena, Ecuador for providing permits (Permits 13-IC-
FAU-DFN, 041-2014-FAU-MAE-DPAO-PNY). This re-
search was carried out in accordance with Institu-
tional Animal Care and Use Committee protocol
number 20140429 — 1WT at Earlham College.

152



ORNITOLOGIA NEOTROPICAL (2016) 27: 145-154

REFERENCES

Alatalo, RV, T Burke, J Dann, O Hanotte, ) Hoglund, A Lundberg,
R Moss & PT Rintamaki (1996) Paternity, copulation distur-
bance and female choice in lekking Black Grouse. Animal
Behaviour 52: 861-873.

Boulanger, JG & GC White (1990) A comparison of home-range
estimators using Monte Carlo simulation. The Journal of
Wildlife Management 54: 310-315.

Bradbury, J & R Gibson (1983) Leks and mate choice. Pp
109-138 in Bateson, P (ed). Mate choice. Cambridge Univ.
Press, New York, New York, USA.

Castro-Astor, IN, MA Alves & RB Cavalcanti (2007) Display
behavior and spatial distribution of the White-crowed
Manakin in the Atlantic Forest of Brazil. The Condor 109:
155-166.

Cestari, C & MA Pizo (2013) Seed dispersal by the lek-forming
White-bearded Manakin (Manacus manacus, Pipridae) in
the Brazilian Atlantic Forest. Journal of Tropical Ecology 29:
381-3809.

Davis, DM, KP Reese & SC Gardner (2014) Diurnal space use
and seasonal movement patterns of Greater Sage-grouse
in northeastern California. Wildlife Society Bulletin 38:
710-720.

del Hoyo, J, A Elliott & DA Christie (2004) Handbook of the birds
of the world. Volume 9: Cotingas to pipits and wagtails.
Lynx Edicions, Barcelona, Spain.

Doucet, SM, DB McDonald, MS Foster & RP Clay (2007) Plum-
age development and molt in Long-tailed Manakins (Chi-
roxiphia linearis) variation according to sex and age. The
Auk 124:29-43.

Durdes, R, BA Loiselle & JG Blake (2007) Intersexual spatial rela-
tionships in a lekking species: Blue-crowned Manakins and
female hot spots. Behavioral Ecology 18: 1029-1039.

Durdes, R (2009) Lek structure and male display repertoire of
Blue-crowned Manakins in eastern Ecuador. The Condor
111:453-461.

DuVal, EH (2005) Age-based plumage changes in the Lance-
tailed Manakin: a two-year delay in plumage maturation.
The Condor 107: 915-920.

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 of London Series B, Biological Sciences 275:
1995-2003.

Fair, JM, TB Ryder, BA Loiselle, JG Blake, TE Larson, P Davis, J
Syme, GB Perkins & JM Heikoop (2013) Estimates of dietary
overlap for six species of Amazonian manakin birds using
stable isotopes. Isotopes in Environmental and Health
Studies 49: 420-435.

Fiske, P, PT Rintamaki & E Karvonen (1998) Mating success in
lekking species: a meta-analysis. Behavioral Ecology 9:
328-338.

Foster, MS (1987) Delayed plumage maturation, neoteny, and
social system differences in two manakins of the genus Chi-
roxiphia. Evolution 41: 547-558.

Griffiths, R, MC Double, K Orr & JG Dawson (1998) A DNA
test to sex most birds. Molecular Ecology 7: 1071-1075.
Hansbauer, MM, | Storch, RG Pimentel & JP Metzger (2008)
Comparative range use by three Atlantic Forest understory
bird species in relation to forest fragmentation. Journal of

Tropical Ecology 24: 291-299.

Jefferies, JIM & JH Lawton (1984) Enemy free space and the
structure of ecological communities. The Biological Journal
of the Linnean Society 23: 263—286.

Karubian, J, R Durdes, JL Storey & TB Smith (2012) Mating be-
havior drives seed dispersal by the Long-wattled Umbrella-
bird Cephalopterus penduliger. Biotropica 44: 689-698.

153

Krijber, CL, M Opdam, M Théry & F Bongers (1997) Courtship
behavior of manakins and seed bank composition in a
French Guianan Rain Forest. Journal of Tropical Ecology 13:
631-636.

Leck, CF (1969) Observations of birds exploiting a Central
American fruit tree. Wilson Bulletin 81: 264-269.

Ligon, D (1999) The evolution of avian breeding systems.
Oxford Ornithology Series. Oxford Univ. Press Inc., New
York, New York, USA.

Lill, A (1976) Lek behavior in the Golden-headed Manakin, Pipra
erythrocephala, in Trinidad (West Indies). Paul Parey, Berlin
and Hamburg, Germany.

Loiselle, BA & JG Blake (1990) Diets of understory fruit-eating
birds in Costa Rica. Studies in Avian Biology 13: 91-103.
Loiselle, BA & JG Blake (1999) Dispersal of melastome seeds by
fruit-eating birds of tropical forest understory. Ecology 80:

330-336.

Loiselle, BA & JG Blake (2002) Potential consequences of
extinction of frugivorous birds for shrubs of a tropical wet
forest. Pp. 397-406 in Levey, DJ, WR Silva & M Galetti (eds).
Seed dispersal and frugivory: ecology, evolution and con-
servation. CAB International, Wallingford, UK.

Loiselle, BA, JG Blake, R Duraes, TB Ryder & WP Tori (2007a)
Environmental and spatial segregation of leks among six
co-occuring species of manakins (Aves: Pipridae) in eastern
Ecuador. The Auk 124: 420-431.

Loiselle, BA, PG Blendinger, JG Blake & TB Ryder (2007b) Eco-
logical redundancy in seed dispersal systems: a comparison
between manakins (Aves: Pipridae). Pp 178-195 in Dennis,
AJ, EW Schupp, R Green & D Westcott (eds). Seed dispersal:
theory and its application in a changing world. CAB Inter-
national, Wallingford, UK.

MacArthur, R & R Levins (1964) Competition, habitat selection
and character displacement in a patchy environment. Pro-
ceedings of the National Academy of Sciences 51:
1207-1210.

McDonald, DB (1993) Delayed plumage maturation and orderly
queues for status: a manakin mannequin experiment.
Ethology 94: 31-45.

Naef-Denzer, B (1994) Radiotracking of Great and Blue Tits:
new tools to assess territoriality, home-range use and
resource distribution. Ardea 82: 335-347.

Pyke, GH (1984) Optimal foraging theory: a critical review.
Annual Review of Ecology and Systematics 15: 523-575.
Rappole, J & A Tipton (1991) New harness design for attach-
ment of radio transmitters to small passerines. Journal of

Field Ornithology 62: 335-337.

Ryder, TB & R Durdes (2005) It’s not easy being green: using
molt and morphological criteria to age and sex green-
plumage manakins (Aves: Pipridae). Ornitologia Neotropi-
cal 16: 481-491.

Ryder, TB, JG Blake & BA Loiselle (2006) A test of the hotspot
hypothesis for three species of manakins (Aves: Pipridae).
The Auk 123: 247-258.

Ryder, TB, DB McDonald, JG Blake, PG Parker & BA Loiselle
(2008) Social networks in the lek-mating Wire-tailed
Manakin (Pipra filicauda). Proceedings of the Royal Society
of London Series B, Biological Sciences 275: 1367-1374.

Ryder, TB & JD Wolfe (2009) The current state of knowledge on
molt and plumage sequences in selected Neotropical bird
families: a review. Ornitologia Neotropical 20: 1-18.

Schmutz, JA & GC White (1990) Error in telemetry studies:
effects of animal movement on triangulation. The Journal
of Wildlife Management 54: 506-510.

Seaman, DE, JJ Millspaugh, BJ Kernohan, GC Brundige, KJ Rae-
deke & RA Gitzen (1999) Effects of sample size on kernel
home range estimates. The Journal of Wildlife Manage-
ment 63: 739-747.



Suhonen, J, K Norrdahl & E Koepimaki (1994) Avian predation
risk modifies breeding bird community on a farmland area.
Ecology 75: 1626-1634.

Théry, M (1992) The evolution of leks through female choice:
differential clustering and space utilization in six sympatric
manakins. Behavioral Ecology and Sociobiology 30:
227-237.

Tori, WP (2008) Sexual selection in a species with exploded
leks: the White-crowned Manakin (Pipra pipra). Ph.D. diss.,
Univ. of Missouri, St. Louis, Missouri, USA.

Trakhtenbrot, A, R Nathan, G Perry & D Richardson (2005) The
importance of long-distance dispersal in biodiversity con-
servation. Diversity and Distributions 11: 173—-181.

Wenny, DG (2001) Advantages of seed dispersal: a re-evalua-
tion of directed dispersal. Evolutionary Ecology Research 3:
51-74.

Westcott, DA (1994) Leks of leks: a role for hotspots in lek evo-
lution? Proceedings of the Royal Society of London Series B,
Biological Sciences 258: 281-286.

Westcott, DA & DL Graham (2000) Patterns of movement and

SPACE USE OF WHITE-CROWNED MANAKIN

seed dispersal of a tropical frugivore. Oecologia 122:
249-257.

Wheelwright, NT, WA Haber, KG Murray & C Guindon (1984)
Tropical fruit-eating birds and their food plants: a survey of
a Costa Rican lower montane forest. Biotropica 16:
173-192.

Willson, MF (1993) Dispersal mode, seed shadows, and coloni-
zation patterns. Vegetatio 108: 261-280.

Worthington, A (1982) Population size and breeding rhythms of
two species of manakins in relation to food supply. Pp
213-225 in Leigh, EG, AS Rand & DM Windsor (eds). The
ecology of a tropical forest: seasonal rhythms and long-
term changes. Smithsonian Institution Press, Washington,
D.C., USA.

Worthington, AH (1989) Adaptations for avian frugivory: assim-
ilation efficiency and gut transit time of Manacus vitellinus
and Pipra mentalis. Oecologia 80: 381-389.

Worton, BJ (1995) Using Monte Carlo simulations to evaluate
kernel-based home range estimators. The Journal of Wild-
life Management 59: 794—-800.

154




<<
  /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


