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iNtrODUctiON

Epiphyte plants comprise 33–50% of the total vascular 
flora of tropical forests and can reach up to 67% of 
the total plant species richness in some areas (Benzing 
1990). This flora provides a variety of resources that are 
of great importance to birds, including maintaining or 
expanding bird diversity in Neotropical forests (Nadkarni 
& Matelson 1989), considering that epiphytes provide 
different resources such as nectar, fruits, seeds and water, 
as well as nesting material and nesting sites (Nadkarni 
& Matelson 1989, Sillet 1994). In some cases, such as 
in tank bromeliads, the morphology and imbricated 
arrangement of the leaves allow water and organic matter 
accumulation (Benzing 1990, Rocha et al. 2004), where 
invertebrates and small vertebrates that constitute prey 
for various species of birds live (Richards 1996, Rocha 
et al. 2004). In this way, epiphytes can provide resources 
during periods of scarcity, temporarily becoming an 
important source for different organisms (Nadkarni & 
Matelson 1989, Rocha et al. 2004, Cestari & Pizo 2008).
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plants can occur in different ways. Hummingbirds, as 
nectarivorous birds, commonly interact with species 
of epiphytic plants, especially bromeliads (Canela & 
Sazima 2003, Piacentini & Varassin 2007). However, 
insectivorous birds can also forage in epiphytes, using 
different tactics and parts of the epiphytes to obtain their 
resources (Sillet 1994). Frugivorous bird species are also 
able to consume fruits and seeds of epiphytes, not only 
being able to disperse them in trees of forest remnants, 
but also in deforested areas due to the use of isolated trees 
(Sheldon & Nadkarni 2013).

The presence of epiphytes contributes to increase 
bird diversity in both conserved and anthropogenic 
areas (Nadkarni & Matelson 1989, Cruz-Angón & 
Greenberg 2005). So, it is an important aspect in Atlantic 
Forest, considering this is the more devastated and 
reduced Brazilian biome. However, few specific studies 
have been carried out to understand the relationships 
between epiphyte and bird communities in this biome. 
There are many studies of interactions between birds 
and plants in general, including epiphytes. These studies 
focus on guilds generally, such as frugivorous birds or 
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hummingbirds (nectarivores) (Fadini & Marco-Jr. 2004, 
Ikuta & Martins 2013). Thus, they did not cover the 
entire bird community. Other studies focus on plant 
species and did not cover the entire plant community 
(for a review, see Cestari 2009). In Brazil, Cestari & Pizo 
(2008) and Pizo (1994) carried out further studies with 
a focus on understanding the role of the avian-epiphytic 
interactions. 

The Atlantic Forest is considered one of the 34 
biodiversity hotspots worldwide and is characterized 
by a high degree of fragmentation and anthropogenic 
actions (Myers et al. 2000). Anthropogenic actions affect 
the mutualistic interactions between fauna and flora, 
such as pollination and dispersion (Groombridge 1992). 
According to Jordano et al. (2006), efforts by the scientific 
community to investigate the effects of environmental 
degradation on ecological interactions did not begin until 
the 1990's. In a recent study, Hasui et al. (2017) found 
832 bird species in Atlantic Forest and they suggest that 
this number reinforces the critical situation of taxa in this 
biome. 

Thus, studies aimed at understanding the 
relationships between birds and epiphytes are necessary, 
especially in face of anthropic alterations such as the 
removal of vegetation cover and forest fragmentation, 
which can exert considerable disturbances to the 
interactions, and consequently lead to losses in interactions 
and the simplification of bird and epiphyte communities 
in tropical forests. The objective of the present study 
was to investigate the use of epiphytes by birds in three 
different environments within a continuum between 
preserved and degraded in an area of Atlantic Forest in 
order to answer the following questions: (1) Which bird 
species use epiphytes and how often do the interactions 
occur in the different environments studied? (2) What 
are the epiphytes and resources used? Our hypothesis is 
that native areas have higher interactions between birds 
and epiphytes considering that native areas have more 
diversity of birds and epiphytes.

MetHODS

Study site

We conducted the study in the Guapiaçu Ecological 
Reserve (REGUA; 7380 ha; 22°25›S; 42°44›W) in the 
agricultural community of Guapiaçu, Cachoeiras de 
Macacu, Rio de Janeiro state, Brazil. The area belongs 
to a non-governmental organization (NGO) created in 
1996 to protect the area from deforestation, hunting and 
resource exploitation. The reserve is located in the Atlantic 
Forest and has an area bordering several Conservation 
Units of the Rio Serrano Central Region, such as the Três 

Picos State Park and the Serra dos Órgãos State Park, with 
large old-growth forest remnants. 

The area presents Dense Ombrophilous Forest 
(DOF) formations with different altitudes, with flat 
topography to cliffs and the presence of rocky outcrops 
(IBGE 2009). The climate of the region is tropical with 
rainy summers and dry winters, in which December and 
January are the rainiest months and June and July are 
the driest. The lower altitudinal areas have a history of 
occupation, alternative land use and pasture use of about 
a century. Agricultural practices were only interrupted in 
2004 and these areas were then integrated to the Reserve 
(Azevedo 2012). Thus, REGUA covers large areas of 
preserved forest, pasture areas and forest fragments 
leftover from previously existing activities

Data collection

We selected three areas in the different environments 
found in the study area: continuous forest, forest 
fragments and pasture. We selected phorophytes with 
high epiphyte density. In the forest area, we selected three 
phorophytes as observation points and observed a 10 m 
radius in the environment. We also selected three fragment 
areas, and in each one we selected three phorophytes as 
the observation point, totaling nine phorophytes. In the 
pasture area, we selected 10 isolated trees that served as 
observation points and whose canopies did not connect 
to other trees. In all areas, the phorophytes were at least 
50 m apart.

Observations were done monthly between February 
2012 and October 2013. Each phorophyte was observed 
monthly for a period of 2 h. Observations were made 
between 6:00 h to 18:00 h. We observed each phorophyte 
for a total of 42 h throughout the study. We randomize 
the observation order of the points monthly in order to 
avoid trends in the records. We recorded the bird species 
that interacted with the epiphyte according to Sigrist 
(2009), identifying the resources extracted by the birds. 
The bird species were classified according to their diet 
categories (insectivorous, frugivorous and nectarivorous), 
based on both personal observations as well as in the 
literature (Cestari & Pizo 2008). 

Considering that the availability of the epiphytes 
affects the number of interactions, we evaluated the 
density by the method of Sillet (1994). The phorophyte 
was divided into sampling units of about 1 m from the 
ground level to the tree canopy. Each epiphyte species was 
recorded at each interval. The availability of each species 
of epiphytes was: 

DGep = ∑Gep/Ncil

where DGep is the availability of each species 
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epiphytes, ΣGep is the sum of the total of individuals of 
this species and Ncil is the total of imaginary cylinders 
in which the species occurred. We measured the density 
only once throughout the study for each species separated 
by the areas where they occur.

Data analysis

We performed a generalized linear model (glm) using 
Poisson family with number of interactions as the response 
variable and area, epiphyte species and epiphyte density 
as predictor variables. After this analysis, we performed 
multiple comparisons using “agricolae” package. All 
analysis were performed using R software version 3.5.2.

reSUltS

We recorded 644 events of interactions between 17 bird 
species and six epiphytes in the three studied areas (Table 
1; Fig. 1). Most of the interactions were recorded in the 
pasture areas (n = 566 interaction events, 87.9% of the 
total), while there were fewer interactions in the fragments 
(n = 63 events, 9.8%) and in the continuous forest (n 
= 15, 2.3%). Area affect interactions with pasture area 
containing the largest record of interactions (P < 0.001, 
df = 2; Fig. 2). Moreover, density and species identity also 
affected the number of interactions (P < 0.001, dfden = 1, 
dfspe = 5; Table 2). 

The most representative bird families were 
Trochilidae, Thraupidae and Tyrannidae, which together 
represented 64.7% of the bird species observed. Tyrannidae 
presented the highest number of interactions (n = 239, 
37.2% of the total), followed by Thraupidae (n = 189; 
29.4%), Trochilidae (n = 110, 17.1%) and Fringillidae (n 
= 92, 14.3%). The other families represented only 2% of 
the interactions, with less than 10 interactions each.

The only bird recorded in interactions in all three 
analyzed areas was Amazilia fimbriata (Gmelin, 1788). 
The species with the highest number of interactions were 
Pitangus sulphuratus (Linnaeus, 1766) (n = 97 interactions, 
15.1% of the total), Euphonia chlorotica (Linnaeus, 1766) 
(n = 92 interactions, 14.3%) and Tyrannus melancholicus 
Vieillot, 1819 (n = 80 interactions, 12.4% of the total). 
The registered birds mainly have generalist eating habits 
(n = 5 species, 29.5%) (Table 1). Exclusive frugivores, 
insectivores and nectarivores contributed with the same 
number of species (n = 4 species, 23.5% each group; 
Table 1).

The birds used four Bromeliaceae and two Cactaceae 
epiphytic species. Aechmea nudicaulis (L.) Griseb. had 
the highest number of recorded interactions (4.6 ± 
5.5, 46.4%) and was different of Rhipsallis baccifera (JS 
Muell.). Rhipsallis elliptica (G. Lindb. ex K. Schum.) had 

the lowest number of interactions and was different of all 
other epiphytes (0.5 ± 0.6, 0.01%, Fig. 3). Another eight 
epiphytes species were present in the environments and 
were not used by birds, including species of Bromeliaceae, 
Araceae, Piperaceae and pteridophytes, among others.

Foraging was the most frequent use of epiphytes in 
all areas and included flower visiting, seed foraging and 
arthropod predation (forest = 66.7%, fragment = 85.5%, 
pasture = 43.3%) (Fig. 2). Flower visiting was the most 
common foraging type in the three areas and the only 
one observed in the continuous forest (Fig. 4). Regarding 
predation, the birds pick up arthropods living in the plant 
parts (bromeliad tank and dry parts).

Figure 1. Interaction network between birds (right) e epiphytes 
(left) in Rio de Janeiro state, Brazil. The bar thickness is 
proportional to the total interactions performed by the species. 
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table 1. Bird species interacting with epiphytes in the three study environments, with information on the areas where the 
interactions occurred and the diet category of the species, in Rio de Janeiro state, Brazil. Areas: Fo = forest, Fr = fragment, 
Pa = pasture. Diet: N = nectarivorous, F = frugivorous, I = insectivorous.

Bird species areas Diet 
trochilidae
Amazilia fimbriata (Gmelin, 1788) Fo; Fr; Pa N
Amazilia lactea (Lesson, 1832) Fr N
Amazilia versicolor (Vieillot, 1818) Fr; Pa N
Phaethornis ruber (Linnaeus, 1758) Fo; Fr N
Fringillidae
Euphonia chlorotica (Linnaeus, 1766) Fr; Pa F
Furnariidae
Automolus leucophthalmus (Wied, 1821) Fo I
Pipridae
Manacus manacus (Linnaeus, 1766) Fo; Fr F
rhynchocyclidae
Hemitriccus orbitatus (Wied, 1831) Fr I
Thamnophilidae
Myrmotherula axilares (Vieillot, 1817) Fr I
Myrmotherula minor Salvadori, 1864 Fr I
Thraupidae
Dacnis cayana (Linnaeus, 1766) Pa N/F/I
Hemithraupis ruficapilla (Vieillot, 1818) Pa F
Tangara seledon (Statius Muller, 1776) Fo; Pa F
Tangara sayaca (Linnaeus, 1766) Pa N/F/I
tyrannidae
Myiodynastes maculatus (Statius Muller, 1776) Pa I/F
Pitangus sulphuratus (Linnaeus, 1766) Pa I/F
Tyrannus melancholicus Vieillot, 1819 Fr; Pa I/F

table 2. Density of epiphyte species in the three study environments (forest, fragments and pasture) in Rio de Janeiro 
state, Brazil. 
epiphyte species Forest Fragments Pasture
Aechmea nudicaulis 15.0 23.3 66.0
Neoregelia cf. concentrica 20.0 29.8 29.0
Nidularium sp. 0.0 0.0 9.0
Quesnelia sp. 0.0 0.0 8.5
Rhipsalis baccifera 8.3 21.6 57.5
Rhipsalis elliptica 10.0 33.2 19.0

In addition to the Trochilidae species, Dacnis cayana 
(Linnaeus, 1766) and Tangara sayaca (Linnaeus, 1766) 
also visited flowers of the bromeliad species. Rhipsalis 
baccifera and A. nudicaulis epiphytes had their seeds 
forraged by species of E. clorotica, Myiodynastes maculatus 
(Statius Muller, 1776) and T. melancholicus. Other uses 

of the epiphytes by the birds were to collect material for 
nests, baths and perches. The only epiphytes used for 
bathing were A. nudicaulis and N. concentrica. Many 
birds accessed the interior of the epiphytes, but it was 
not possible to identify the resources they used (forest = 
13.3%, fragment = 9.7%, pasture = 38.9%). 
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Figure 2. Number of records of interactions between birds and 
epiphytes in areas of forest, forest fragments and pasture in the 
study conducted at Guapiaçu Ecological Reserve, Brazil, over 
21 months.

Figure 3. Number of records of interactions between birds 
and the different epiphytes species in the study conducted at 
Guapiaçu Ecological Reserve, Brazil, over 21 months.

Figure 4. Absolute frequency of the different uses of the epiphytes by birds in the studied forest fragments and pasture areas at 
Guapiaçu Ecological Reserve, Brazil.

 

 

DiScUSSiON

In the present study, we verified that the interactions 
mainly occurred in the pasture areas and that the birds 
had more interactions with a few epiphyte species. These 
epiphyte species offer varied resources and they occur 
densely in open areas like pastures. In addition, despite 
the high number of bird species performing interactions, 
most interactions were only performed by three species 
(P. sulphuratus, E. chlorotica and T. melancholicus), which 
accounted for approximately 42% of the interactions. 

These three species are frugivorous and/or insectivorous 
and are generalists in occupying habitat, which favoring 
their occupation at different studied areas.

The pasture trees in our study showed a high 
abundance of epiphytes representing an important source 
of resources. The density affected number of interactions 
and high values in pasture can explain the greater number 
of interactions recorded in this environment. Thus, the 
abundance of epiphytes and the availability of resources 
offered by them will influence the use by birds (Sheldon 
& Nadkarni 2013). Isolated trees in altered environments 
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play a key role for biodiversity (Manning et al. 2006, 
Gibbons et al. 2008, Moga et al. 2016, Prevedello et al. 
2018), serving as a shelter area and a source of resources 
for different animals, including birds (Pizo & Santos 
2011, Barth et al. 2015). Moreover, these trees serve as 
the focal point for regeneration of disturbed landscapes 
(Schlawin & Zahawi 2008, Sandor & Chazdon 2014, 
Zwiener et al. 2014, Derroire et al. 2016), connecting 
habitat patches like “steppingstones” (e.g., Prevedello et 
al. 2018) and as a colonization site by different epiphyte 
species (Poltz & Zotz 2011). 

Vascular epiphytes occurring in isolated trees increase 
the availability of resources in isolated trees, providing 
additional resources for birds such as water, forage, 
material and nesting sites (Nadkarni & Matelson 1989, 
Sillett 1994, Rocha et al. 2004), having an important 
role in maintaining populations of bird species. This 
role becomes important in altered sites such as pastures 
or forest fragments. Epiphytes function as microhabitats 
that reduce the temperature, facilitating the permanence 
and use of these environments by the animals and offering 
resources throughout the year (Scheffers et al. 2014).

More preserved environments such as continuous 
forests can offer a great variety of resources coming from 
the different strata or synusiae of the forest (Wheelwright 
et al. 1984, Nadkarni & Matelson 1989). Thus, the 
epiphytes would be less important in environments 
with greater availability of resources, such as forests 
(Wheelwright et al. 1984). This explain the lower number 
of interactions in this habitat.

Aechmea nudicaulis showed the highest frequency 
of interactions with birds and the greatest variety of 
exploited resources (flowers, seeds, invertebrates, bathing 
water, nest material and perches). Due to their availability 
and concentric arrangement of the leaves, the plants of 
this family can offer a greater variety of resources for 
use by birds (Rocha et al. 2004, Cestari & Pizo 2008). 
Thus, they can accumulate water and organic matter in 
the bases of their leaves, creating a microcosm that allows 
colonization by invertebrate and vertebrate animals 
(Nadkarni & Matelson 1989), which can be used as 
resources by birds. 

Among the recorded avifauna, A. fimbriata was 
present in all three environments, being a very well 
represented species in open areas and in forest edges, and 
with territorial behavior (Antas 2004). Hummingbirds 
are effective pollinators and their high frequency was 
fomented by higher availability of hummingbird-
pollinated flowers in all sites (all studied bromeliads). For 
example, A. nudicaulis (Bromeliaceae), which has longer 
flowers and concentrated nectar, are frequently used by 
these birds, especially A. fimbriata (Canela & Sazima 
2003). Hummingbirds increase the reproductive success 
rates of epiphytes by pollination, including in degraded 
environments (Martinelli 1997).

In a review of the use of epiphytes by birds in 
Brazil, Cestari (2009) recorded 42 studies that included 
interactions between these groups. According to the 
revised studies, 112 bird species were recorded interacting 
with 97 species of epiphytes. Our study included six bird 
species that did not appear in the survey conducted by 
Cestari (2009): Hemitriccus orbitatus (Wied, 1831), 
Myrmotherula axillaris (Vieillot, 1817), Manacus manacus 
(Linnaeus, 1766), T. sayaca, T. melancholicus and M. 
maculatus. This indicates that the number of bird species 
interacting with epiphytes may still be underestimated, 
and that studies involving different forest formations and 
stages of regeneration increase these numbers.

In conclusion, the presence of epiphytes is of 
great ecological importance for the environment and 
for birds, as they use the most varied resources such as 
water, nectar, seeds and invertebrates. These resources 
may be absent or few in a pasture environment. Thus, 
epiphytes are essential in these areas for maintaining 
various bird species. In addition, trees in the pasture can 
act as “stepping stones”, and thus the epiphytes play an 
important role in providing resources for birds that are 
moving between fragments and continuous forest areas.
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