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Abstract
In this study we tested for density-dependent relationships between visitation rates of the Scale-throated Hermit 
(Phaethornis eurynome) and the plant density and flower number of the bromeliad Vriesea incurvata, by comparing 
plots with varying densities of this bromeliad. Eight 100 m2 plots were established at least 200 m from each other; 
four plots contained 10-15 individuals of V. incurvata each, whereas the other four contained 4-5 individuals each. 
The visitors, number of visits, behaviour (nectar thief or potential pollinator) and the height of foraging were recorded 
during focal observations on the plants. The number of visits of P. eurynome varied according to the local density of 
V. incurvata, showing that the heterogeneous distribution of this bromeliad species may promote adjustments in the 
pollinator populations, through resource variation at a local scale.
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Comportamento alimentar de Phaethornis eurynome Lesson, 1832 (Aves, 
Trochilidae) em Vriesea incurvata Gaudich (Bromeliaceae)

Resumo
Neste estudo foram testadas as relações entre taxas de visitação de Phaethornis eurynome e a densidade e o número 
de flores de Vriesea incurvata, comparando-se parcelas com diferentes densidades desta bromélia. Oito parcelas de 
100 m2 foram estabelecidas a pelo menos 200 m uma da outra; quatro parcelas continham de 10 a 15 indivíduos de 
V. incurvata cada, enquanto as outras quatro continham de 4 a 5 indivíduos cada. Os visitantes, o número de visitas, o 
comportamento (pilhador ou potencial polinizador) e altura de forrageamento foram registrados em observações focais 
das plantas. O número de visitas por P. eurynome variou conforme a densidade de V. incurvata na área, demonstrando 
que a distribuição heterogênea desta bromélia pode promover ajustes populacionais por parte dos polinizadores, através 
da variação da oferta de recursos em uma escala local.
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Introduction

Phenological patterns in plant communities are important 
tools for understanding plant-animal interactions, as they 
provide crucial information on plant reproduction and the 
temporal and spatial distribution of food resources in the 
environment (Talora and Morellato, 2000). Abundance 
and community bird composition may vary in association 
with spatial and temporal habitat variation (Levey, 1988; 
Loiselle and Blake, 1991), such as the spatial distribution 
of resources (Loiselle and Blake, 1993) and temporal 
changes in vegetation as part of succession (Johns, 1991).

Birds are the most common pollinators in the 
Bromeliaceae (Sazima et al., 1996; Buzato et al., 2000). 

Key features of bird-pollinated bromeliads include deep-red 
floral bracts, yellowish tubular flowers, abundant production 
of dilute nectar, and diurnal anthesis (Sazima et al., 1996). In 
the Atlantic forest, bromeliads account for about 30 percent 
of food resources used by hummingbirds (Apodiformes; 
Trochilidae) (Sazima et al., 1995; 1996). These birds are 
restricted to the Americas and are mostly Neotropical in 
distribution, comprising around 100 genera and 300 species 
(Tiebout, 1993). Thirty-eight genera and 86 species occur 
in Brazil, with 30 species known or expected to occur in 
the southeastern Atlantic forest (Grantsau, 1989).
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Pollination rates of a given plant species often depend 
on the amount or quality of floral visitors. Nectarivores 
may prefer to forage in larger clumps of flowering plants 
to maximize energy intake (Heinrich and Raven, 1972; 
Pyke, 1981), and this can affect their abundance in a given 
area and the frequency of their visits to plant species there. 
In this study we tested for density-dependent relationships 
between number of contacts and visits of nectarivores and 
the plant density and flower number of a bromeliad species. 
The specific objectives were: (1) to estimate visitation 
rate of the Scale-throated Hermit (Phaethornis eurynome 
Lesson, 1832, Aves, Trochilidae) and how they vary with 
varying densities of the bromeliad Vriesea incurvata 
Gaudich, and (2) to compare the visitation frequency of 
the Scale-throated Hermit with V. incurvata density and 
number of open flowers.

1. Material and Methods
1.1 Study species

Vriesea incurvata Gaudich is an herbaceous, acaulescent, 
epiphytic bromeliad, reaching 50 cm in height. It has ten or 
more smooth, dark green leaves without spines and arranged 
in a rosette-forming receptacle where water accumulates. 
The species prefers environments with diffuse light and 
is typically found on the lower or middle portions of host 
trees (Reitz 1983) (Figure 1A). The sparse roots measure 
up to 10-20 cm long and the inflorescence is dense, 
submultifloral, and can be up to 30 cm tall and 7.5 cm wide 
(Figure 1B). Only one flower opens per inflorescence per 
day, and flowers possess various features that are typical 
of bird pollination: red bracts, yellow tubular flowers, a 
mean nectar volume of 25.5 ± 21.8 (SD) ml, and a mean 
nectar concentration of 15% (SD = 11%, N =30) (Rocca 
de Andrade, 2006).

The Scale-throated Hermit typically inhabits the 
understory of the Atlantic forest where, like other 
hummingbirds, feeds on nectar and arthropods (Buzato et al., 
2000). It visits open V. incurvata flowers and appears to be 
a legitimate pollinator (Figure 1B), but it also sometimes 
acts as a nectar thief by reaching between flower bracts 
to collect nectar without removing or depositing pollen.

1.2 Study site
The study was carried out between February and May 

2011 at Carlos Botelho State Park (between 24°6’55” 
and 24°14’41” S, and 47°47’18” and 48°07’17” W) with 
37,644.36 ha of lowland tropical rain forest (0-50 m 
elevation), submontane tropical rain forest (51-500 m) 
and montane tropical rain forest (501-1500 m), and some 
farmland, pasture, swamps, and pine, banana, and eucalyptus 
plantations (Ferraz and Varjabedian, 1999; Kronka et al., 
2005). Climate in the submontane and lowland is hot and wet 
with no dry season, and wet temperate with no dry season 
in the montane areas. Average annual temperatures vary 
from 18°-20° C and annual rainfall between 1500‑2200 mm 
(Ferraz and Varjabedian, 1999).

To examine the effect of V. incurvata density on 
visitation of the Scale-throated Hermit, eight 100 m2 
plots were set up at least 200 m from each other. Four 
plots contained 10-15 individuals of V. incurvata each 
(hereafter referred to as high-density plots), whereas the 
other contained 4-5 individuals each (low-density plots). All 
plots were in mature montane rain forest at approximately 
800 m elevation.

Vriesea incurvata individuals were marked as they 
flowered in order to conduct focal observations (each lasting 
60-240 min) between 07:30 h and 12:00 h. Visitors, number 
of contacts, number of visits, behaviour (nectar thief or 
potential pollinator) and height of foraging were recorded. A 
contact was considered when a given hummingbird species 
was detected inside the plots. To test for hummingbird 
preferences for a given vertical stratum, we visually 
estimated the height above the ground of all V. incurvata 
individuals in the plots.

1.3 Statistical analyses
We compared the frequency of visitation of the Scale-

throated Hermit between high-density and low-density 
plots, and the average height of V. incurvata individuals 
and the mean foraging height of the Scale-throated Hermit, 
using t-tests. We tested for relations between frequency 
of visits of the Scale-throated Hermit with the density 
and availability of V. incurvata flowers using regression 
analysis. The free statistical software R was employed for 

Figure 1. (A) The bromeliad Vriesea incurvata Gaudich in a natural environment. (B) Open flower of V. incurvata.
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all analyses (R Development Core Team, 2008). Values 
reported in the results are means ± SD.

2. Results

A total of 63 flowering individuals of V. incurvata were 
studied between February and May. Flowering began in 
February, and was most intense between March and April. 
One peduncle per individual plant was observed (Figure 1A 
and B). We chose focal observations of plants so that while 
under observation, no other plants in the plots flowered, 
thereby reducing the possible influence of other nectar 
sources in the study area.

The Scale-throated Hermit was noted four times in low-
density plots and 18 times in high-density plots (Table 1). 
Number of contacts was significantly greater in the high-
density plots (t6 = 1.94, P = 0.05). On two occasions we 
also observed Thalurania glaucopis foraging in the plots, 
but these did not visit the flowers. One sighting occurred in 
one low-density plot and the other in one high-density plot.

Bromeliad height was the same in both low-density 
and high-density plots (t = 0.14, P = 0.89), but the Scale-
throated Hermit foraged at greater height in high-density 
plots (t22 = 3.78, P = 0.001). In both areas, the mean 
foraging height of the Scale-throated Hermit was lower 
than the mean bromeliad height, suggesting that the lowest 
bromeliads were the most visited (Table 1).

The number of contacts of the Scale-throated Hermit 
was positively related with V. incurvata density (R2

1,6 = 0.48, 
P = 0.03), variation in bromeliad density explained 48 
percent of variation in the Scale-throated Hermit contacts 
(Figure 2A). The number of the Scale-throated Hermit visits 
to flowers, regardless of foraging behaviour (nectar thief 
or pollinator) also increased with increasing V. incurvata 
density(R2

1,6 = 0.55, P = 0.02). (Figure 2B). There was a 
marginal positive relationship between the number of open 
flowers and the number of visits in all plots (R2

1,6 = 0.41, 
P = 0.051) (Figure 2C).

Table 1. Vertical distribution of individuals of Vriesea incurvata, number of open flowers, number of visits, foraging 
behaviour and height of the Scale-throated Hermit (Phaethornis eurynome) in eight plots sampled at Carlos Botelho State 
Park, São Paulo state, Brazil.

Height 
above the 

ground (m)
Behaviour and number of visits (N)

Plots V. incurvata 
(N)

Mean and 
standard 
deviation

Open 
flowers

Number 
of 

contacts

Nectar 
thief Pollinator Total

Mean 
foraging 

height (m)

Total 
observation 
time (min.)

A 4 3.12 ± 0.62 1 (2.5)a 0 0 1 (1)b 1 (1)b 2.5 180
B 5 3.3 ± 2.72 0 2 1 (1)b 0 1 (1) 1 240
C 4 3.62 ± 0.75 0 0 0 0 0 _ 180
D 4 2.87 ± 3.11 1 (1) 0 0 0 0 _ 300
E 10 2.48 ± 1.49 1 (2) 2 1 (1) 2 (2) 3 (3) 2.5 200
F 15 3.48 ± 2.21 3 (2.76) 3 2 (4) 3 (11) 5 (15) 2.57 300
G 10 3.02 ± 1.21 1 (3) 0 3 (5) 2 (2) 5 (7) 2.46 180
H 11 3.48 ± 1.19 2 (3.55) 0 0 0 0 _ 180

aValues in parentheses represent the height or average height (metres) above the ground of bromeliads with open 
flowers. bValues in parentheses refer to the total number of visits by individuals to the inflorescence.

Figure 2. (A) Simple linear regression analysis between the number of V. incurvata individuals and the number of contacts 
of the Scale-throated Hermit (Phaethornis eurynome) observed in different plots (R² = 0.47, P = 0.033). (B) Simple linear 
regression analysis between the number of V.  incurvata individuals and the number of the Scale-throated Hermit visits 
(including pollinators and robbers) observed in different plots (R² = 0.78, P = 0.02). (C) Analysis of linear regression 
between the number of open V. incurvata flowers and the number of the Scale-throated Hermit visits (including pollinators 
and robbers) observed in the different plots (R² = 0.70, P = 0.051).
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3. Discussion

Although nectarivores such as the Scale-throated Hermit 
are highly mobile foragers (Kunin, 1997), small-scale 
variation in habitat features such as the spatial distribution 
of food resources (Loiselle and Blake, 1991) seems to 
strongly affect their foraging patterns. The difference in 
foraging height between the low-density and high-density 
plots may be due to the presence of open flowers at different 
heights in those areas. In low-density plots open flowers 
occurred mostly in the lower bromeliads, while in high-
density plots they mostly occurred in the highest bromeliads, 
which may have preferentially attracted nectarivores to 
that stratum. The weak relation between number of open 
flowers and number of visits is possibly due to the fact 
that the Scale-throated Hermit may behave both as nectar 
thief and pollinator (Kaehler et al., 2005), and is therefore 
not dependent on open flowers.

The heterogeneous distribution of bromeliads in 
the study site, with variations in both plant density and 
pollinator resources at the local scale (Feinsinger et al., 
1991), resulted in a possible adjustment of the population 
as the number of visits to flowers depending on the number 
of individuals of V. incurvata in the area. It is advantageous 
for foragers to make more frequent feeding visits to sites 
with abundant floral resources, where they can maximise 
energy intake while minimising foraging effort (Pyke, 1981; 
Mitchell et al., 2004). Our data thus show that varying in 
spatial distribution of this bromeliad species may promote 
adjustments in the pollinator populations, in response to 
availability of food resources.
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