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Abstract

Hummingbirds are the most important group of pollinating birds in the Neotropics and tend to use, concomitantly,
more than one plant species as food source. Pollen may be mixed on hummingbirds’ body due to the visits
to different plant species; therefore, these birds may promote heterospecific pollen deposition (HPD). The
hummingbirds potential to promote HPD, the occurrence of HPD and its implications in plant reproduction are
scarcely known in the Atlantic Forest. We have studied the transport of pollen by three hummingbird species
from the Brazilian Atlantic Forest. We have also checked the actual HPD occurrence under natural conditions
in two plant species, namely Canistropsis seidelii and Psychotria nuda. Moreover, we investigated Nidularium
innocentii reproductive system evaluating the effect of HPD on its reproduction by simulating a pollen mixture
pollination. We found hummingbirds transporting heterospecific pollen mixtures on their bodies, which in turn
were deposited onto stigmas of different species. We have also found that mixed pollen deposition had negative
effect on the fitness of N. innocentii. We conclude that hummingbirds carry pollen mixtures at the same body
parts, leading to potential HPD at the community level. Moreover, hummingbird-plant communities in the Atlantic
Rainforest show remarkable similarities in temporal organization and interaction pattern. This suggests that HPD
may be a widespread phenomena in these communities.

Key words: competition for pollination, fruit/seed set, pollen placement, pollen load, pollinator sharing,
reproductive success.

Resumo

Beija-flores sao o grupo de aves polinizadoras mais importantes nos Neotropicos e tendem a utilizar, concomitantemente,
mais de uma espécie de planta como fonte de alimento. O pdlen pode estar misturado no corpo dos beija-flores devido
as visitas em diferentes espécies de plantas, portanto, essas aves podem promover deposi¢ao de pdlen heterospecifico
(DPH). O potencial dos beija-flores em promover DPH, a ocorréncia de DPH e suas consequéncias na reproducio
das plantas s3o pouco conhecidas na Mata Atlantica. N6s estudamos o transporte de polen por trés espécies de beija-
-flores da Mata Atlantica brasileira. Nos também verificamos a ocorréncia de DPH em condigdes naturais em duas
espécies de planta, Canistropsis seidelii e Psychotria nuda. Além disso, nds investigamos o sistema reprodutivo de
Nidularium innocentii, avaliando o efeito de DPH em sua reprodugao ao simular uma polinizagdo com mistura de
pdlen. Nos encontramos beija-flores transportando misturas de polen heterospecifico em seus corpos, que por sua
vez foram depositados nos estigmas de diferentes espécies. Nos também encontramos que a deposi¢ao de mistura
de polen tem um efeito negativo na aptiddo de N. innocentii. Nos concluimos que beija-flores carregam misturas de
podlen na mesma regido do corpo, levando a um potencial DPH ao nivel da comunidade. Além disso, comunidades
de plantas e beija-flores na Floresta Atlantica exibem diversas similaridades em sua organizagao temporal e padrao
de interagdes. Isso sugere que DPH pode ser um fenomeno difundido nestas comunidades.

Palavras-chave: competi¢do pela polinizagao, produgio de frutos/sementes, deposi¢ao de polen, carga polinica,
compartilhamento de polinizadores, sucesso reprodutivo.
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Introduction

Plant and pollinators have been studied in
the context of ecology and evolution of mutualistic
relationships since the Sprengel’s era (Waser &
Ollerton 2006; Willmer 2011, Rech & Westerkamp
2014). When they co-occur, plant species sharing
pollinators may compete via heterospecific pollen
deposition (HPD) (Morales & Traveset 2008;
Mitchell et al. 2009; Ashman & Arceo-Gomez
2013). At the community level, HPD magnitude
depends on the number of interspecific switches by
a given pollinator (Jakobsson ef al. 2008). Among
pollinator groups, hummingbirds are known to
perform species-indiscriminate foraging bouts,
increasing the potential of these visitors to promote
HPD (Rathcke 1983). Hence, lesser is known
about synchronopatric groups of plants used by
hummingbirds as food source and how these plants
interact with each other when sharing visitors.

Hummingbirds (Trochilidae) are important
pollinators of a large array of Neotropical plants
(Machado & Semir 2006; Rocca-de-Andrade 2006;
Vizentin-Bugoni et al. 2014), with highlight to
the sub-family Phaethornithinae in the Brazilian
Atlantic Forest (Sazima et al. 1995,1996; Buzato
et al. 2000; Wendt et al. 2008). Among the
Phaethornithinae, Ramphodon naevius is indicated
as the main pollinating bird from the lowland
Atlantic Forest (Sazima et al. 1995; Buzato et al.
2000; Wendt et al. 2008). Ramphodon naevius
individuals visit several plant species in one day,
visiting up to four different species during a single
foraging bout (Sazima et al. 1995). Therefore, many
plant species share R. naevius as pollinator and
may potentially receive heterospecific pollen from
these visitors. The knowledge on how these birds
interact with plants is an important contribution to
understand the ecology of plant-plant interactions
mediated by pollinators in the Atlantic Forest.

Experimental evidence highlighted the
species-indiscriminate foraging behaviour
of hummingbirds promoting pollen wastage
on heterospecific stigmas (Feinsinger et al.
1988; Feinsinger & Tiebout 1991). Moreover,
hummingbird-pollinated communities are supposed
to exhibit staggered flowering phenologies as a
result of competitive interactions among shared
pollinators (Stiles 1976; Aizen & Vazquez 2006).
Depositing pollen on different parts of the shared
pollinators is another possible solution to gain the
facilitation benefit provided by a larger number
of co-flowering species, thus potentially avoiding
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the negative consequence of heterospecific pollen
deposition (Muchhala & Potts 2007; Ramirez et al.
2011). This strategy was already recorded among
Dicliptera squarrosa Nees, Ruellia brevifolia
(Pohl) C. Ezcurra, Cuphea melvilla Lindl. and
Manettia cordifolia Mart., a group of plants sharing
Phaethornis pretrei (Lesson & Delattre 1839) as
their main pollinating hummingbird (Aratijo 2010).

The reduced number of studies analysing
pollen grains on hummingbirds” body are more
focused on the trophic aspect than on the discussion
about their potential for interspecific pollen transfer
(Brown & Kodric-Brown 1979; Amaya-Marquez
etal.2001; Borgella Jr. ef al. 2001; Lasprilla 2003;
Almeida 2005; Rodrigues-Flores & Stiles 2005;
Araujo 2010). Among the studies actually focused
on interspecific pollen transfer, Brown & Kodric-
Brown (1979) found that hummingbirds do deposit
heterospecific pollen and that they deposited
more heterospecific than conspecific pollen onto
the stigmas in approximately 20% of the visits.
Therefore, although it seems to be an appealing
solution when sharing pollinators, the prevalence
of pollen segregation on the pollinators’ bodies
clearly deserves further studies.

Here we describe the pollen found on three
hummingbird species in the lowland Atlantic Forest
of Southeastern Brazil and the potential of pollen
mixture on their bodies. We used a synchronopatric
pair of species (Canistropsis seidelii (L.B.Sm.
& Reitz) Leme, (Bromeliaceae) and Psychotria
nuda (Cham. & Schltdl.) Wawra, (Rubiaceae) and
counted the pollen exchanged between them to
have a quantitative evidence of the heterospecific
pollen deposition (HPD). Finally, the pollen from
two species was manually mixed and deposited
on Nidularium innocentii Lem. (Bromeliaceae)
stigmas to measure the potential impact of pollen
mixture and its effect on reproduction through the
fruit set.

Material and Methods

We conducted this study at Nucleo
Picinguaba in Parque Estadual da Serra do Mar
(PESM), Southeastern Brazil (Sao Paulo - latitude
23°20°03”’S and longitude 44°49°56°W). The
climate at the region is categorized as tropical wet
with mean annual temperature above 18 °C and
precipitation of approximately 2200 mm (Sanchez
et al. 1999). The vegetation in the area is mainly
Dense Ombrophilous Atlantic Forest (Veloso &
Goes-Filho 1982).
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Pollen collection and preparation

We captured the birds from November 2007
to October 2008 using mist nets (12 x 3 meters
and 18 mm mesh). Over three days (every month),
from 6:00 a.m. to 12:00 p.m., we mounted three
mist nets in the understory and three in the sub-
canopy of trees (between eight and 15 meters high).
All mist nets were monitored during the whole
capture session. We removed the hummingbirds
from the net immediately after they were caught
and removed the pollen from their bodies using
transparent adhesive tape by specifying each of the
touched parts (top head, forehead, throat and bill:
superior and inferior base and tip parts - Fig. 1a)
(Kearns & Inouye 1993; Borgella Jr. ef al. 2001).
Subsequently, we attached the tape to a slide in
order to analyse it under optical microscopy. We
identified the birds according to a field guide
(Sigrist 2007), ringed them with specific marking
bands provided by CEMAVE/IBAMA and later
have released them. We have identified or separated
the pollen grains in morphotypes according to a
plant pollen library from the same region, which
was built during the study. Slides containing less
than 10 pollen grains were discharged to avoid
contamination counting. In total, we captured 34
hummingbirds and analysed the pollen samples: 27
from Ramphodon naevius, four from Thalurania
glaucopis and three from Florisuga fusca.

Heterospecific pollen deposition

(HPD) under natural conditions

We used two plant species (Canistropsis
seidelii and Psychotria nuda), already known as
pollinated by hummingbirds (Sazima et al. 1995;
Buzato et al. 2000; Mendonga & Anjos 2003;
Rocca-de-Andrade 2006), to quantify the HDP.
Canistropsis seidelii is a herb with white tubular
flowers surrounded by yellow bracts (Fig. 1d) and
its anthers form a ring around the ellipsoid stigma,
both at the same height (Leme 1998). Psychotria
nuda is a distilic branched treelet with terminal
yellow flowers surrounded by a red calyx with
the anthers also in circle (Castro & Araujo 2004;
Corréa 2011, Fig. 1f). Both species deposit their
pollen around the hummingbirds’ bill due to the
circular organization and similar height of the
stamens (C. seidelii 21.81 £ 0.96 mm and P. nuda
17.10 £2.08 mm - thrum flowers).

Besides observing the sharing of pollinators,
we also collected information on the following
nectar features: sugar concentration and volume,
using a handheld refractometer and a microsyringe,
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respectively. We measured flowers at the end
of anthesis from previously bagged floral buds,
in order to assess nectar total volume and
concentration. We calculated the sugar mass as
the product of sugar concentration and volume.
We also followed flowering phenology over two
years to make sure that both monitored species
were temporally able to exchange pollen (2008
and 2009). A trail of 500 meters (five meters each
side) was travelled every month to count flowers
and individuals covering the total area of 5000 m?.
Parameters of nectar characterization (volume,
sugar concentration and mass) were compared
using ¢ tests.

During the flower overlapping periods, we
collected 38 stigmas from C. seidelii and 31 from P.
nuda, from flowers naturally exposed to visitors in
order to quantify the HPD in situ. We then observed
all stigmas under light microscopy for HDP
quantification (Kearns & Inouye 1993; Moragues
& Traveset 2005). We analysed the differences
between the total abundance of heterospecific
pollen grains deposited on P. nuda and C. seidelli
stigmas and the abundance of pollen grains from
the receptor species using ¢ tests.

Pollen mixture experiment

We chose the most frequent species from the
pollen samples found on the hummingbird bodies
(Nidularium innocentii, Fig. 1¢) to test the possible
effects of pollen mixtures on fruit and seed set
(Canela & Sazima 2003; Moragues & Traveset
2005). We then chose a second bromeliad species,
Nidularium angustifolium Ule, in this experiment
as pollen donor and its pollen was mixed with the
pollen from the former species. Both species are
synchronopatric and had their pollen placed onto
the same part of the hummingbirds’ bodies. Four
tests were performed in N. innocentii flowers:
spontaneous self-pollination (n = 35), cross-
pollination using only N. innocentii pollen (n =
28), mixed pollination (1:1 pollen from other NV.
innocentii and N. angustifolium individuals) (n =
30) and natural pollination (n = 34). We considered
the fruit set percentage as the result. Here we present
just the mean seed set per treatment, since it was
only possible to count seeds in a few experimental
fruit. It was not possible to perform a statistical
test using the seed set because several flowers that
received the mixed pollination treatment did not
develop into fruit. Therefore, we had treatments
with discrepant sampling, preventing us from
statistical comparisons.
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Figure 1 — Hummingbird and plant species taken under consideration in the current study. The intensity of yellow
dots refers to the number of pollen grains found on each part of — a. Ramphodon naevius; b. Florisuga fusca; c.
Thalurania glaucopis body. Figure a. is showing the sites in the hummingbird head where the pollen was collected
from — 1. top head; 2. forehead; 3. base; 4. tip parts of superior bill (pollen from sites 3 and 4 were also collected
from the inferior bill); 5. throat. The three herein represented plant species are those taken under consideration in
the performed experiments — d. Canistropsis seidelli; e. Nidularium innocentii; f. Psychotria nuda. lllustrations by
Raoni Rebougas.
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Table 1 — Pollen types found on the body of hummingbirds captured at the lowland Atlantic Forest of Serra do Mar State
Park in Sao Paulo. The column “Individuals” refers to the number of captured individuals carrying each pollen type.

Pollen Type

Hummingbird

Individuals (n)

Bromeliaceae

Billbergia pyramidalis (Sims) Lindl.
Bromeliaceae sp. 1

Bromeliaceae sp. 2

Bromeliaceae sp. 3

Bromeliaceae sp. 4

Canistropsis seidelii (L.B.Sm. & Reitz) Leme
Neoregelia johannis (Carriérre) L.B.Sm.
Nidularium angustifolium Ule

Nidularium innocentii Lem.

Quesnelia arvensis (Vell.) Mez
Tillandsia sp. 1

Vriesea sp. 1

Vriesea sp. 2

Fabaceae
Dahlstedtia pinnata (Benth.) Malme
Inga sp.

Gesneriaceae

Besleria longimucronata Hoehne
Nematanthus sp. 1

Nematanthus sp. 2

Heliconiaceae

Heliconia angusta Vell.

Loranthaceae

Psittacanthus dichroos (Mart.) Mart.
Rubiaceae

Psychotria brachypoda (Mill. Arg.) Britton
Psychotria nuda (Cham. & Schltdl.) & Wawra

No identification
type # 1
type # 2
type #3

Ramphodon naevius (Dumont)

Ramphodon naevius
Ramphodon naevius
Ramphodon naevius
Ramphodon naevius
Ramphodon naevius
Ramphodon naevius
Ramphodon naevius

Ramphodon naevius,

Florisuga fusca (Vieillot)

Ramphodon naevius
Ramphodon naevius

Ramphodon naevius

Thalurania glaucopis (Gmelin)

Ramphodon naevius
Thalurania glaucopis

Ramphodon naevius

Ramphodon naevius
Thalurania glaucopis
Florisuga fusca

Ramphodon naevius
Ramphodon naevius

Ramphodon naevius
Thalurania glaucopis

Ramphodon naevius

Florisuga fusca

Ramphodon naevius

Ramphodon naevius
Thalurania glaucopis

Ramphodon naevius
Florisuga fusca

Ramphodon naevius
Thalurania glaucopis

—_— N = el S O Y S R I e T e O B

— N NN

— L =
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Pollen Type Hummingbird Individuals (n)
type # 4 Ramphodon naevius 2
type #5 Ramphodon naevius 1
type # 6 Ramphodon naevius 1
type #7 Ramphodon naevius 2
type # 8 Ramphodon naevius 3
type #9 Ramphodon naevius 1

Results

1. Transported pollen grains

We found 31 pollen types on the hummingbirds”
bodies from six plant families (Tab. 1). Considering
each hummingbird species we found twenty-
nine pollen types on Ramphodon naevius, six on
Thalurania glaucopis and four on Florisuga fusca.
Bromeliaceae was the richest family in number
of pollen species recorded in the hummingbirds’
bodies: seven out of the 10 most frequent species
(in number of hummingbird individuals carrying
its pollen) belong to this family (Tab. 1). We found
Bromeliaceae pollen grains more frequently onto
the birds’ head and the superior part of the bill.

All samples collected from R. naevius had
pollen. Although greatly different among samples,
the forehead and the superior bill base of R. naevius
were the sites with bigger amounts of pollen grains
(Fig. 1a). Both T’ glaucopis and F. fissca did not have
pollen on the base of their superior bill (Fig. 1 b,c).
Moreover, T. glaucopis also did not have pollen on
its inferior bill tip as it happened for the superior
bill tip of F. fusca (Tab. 2).

Most birds (22 out of 34) had more than one
pollen type with maximum of six types in a single
sample. Twenty-one animals had mixed pollen types
on the same body part. Females of Ramphodon
naevius transported between one and four pollen

Table 2 — Number of samples containing pollen grains in each body part for each hummingbird species.

Body part Hummingbird Samples (n)

Forehead and front head Ramphodon naevius 18
Thalurania glaucopis
Florisuga fusca

Base of the superior bill Ramphodon naevius 23
Thalurania glaucopis
Florisuga fusca

Tip of the superior bill Ramphodon naevius 11
Thalurania glaucopis 3
Florisuga fusca 0

Throat Ramphodon naevius 16
Thalurania glaucopis 4
Florisuga fusca

Base of the inferior bill Ramphodon naevius 19
Thalurania glaucopis
Florisuga fusca

Tip of the inferior bill Ramphodon naevius 11
Thalurania glaucopis 0

Florisuga fusca
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types and males between one and six types on their
bodies. Florisuga fusca individuals transported only
one type in each capture. Although pollen mixtures
were frequent, we found a pronounced pollen
dominance on some hummingbird body parts.
Ninety-six percent (96%) of the pollen mixtures we
found on R. naevius’ top head had one pollen type
representing more than 50% of the grains, the same
occurred in 87% of the samples from the forehead
of the same species.

2. HPD verification

Nectar sugar concentration was higher in
Psychotria nuda (21.31 vs. 14.86, p=0,014) while
nectar volume was higher in Canistropsis seidelli
(25.92 vs. 18.83, p < 0,001) whereas the sugar
mass was the same for both species (4.45 vs. 4.45,
p = 0.992). The two species monitored for HPD
overlapped their flowering periods during four
months in 2008 (C. seidelii flowered from March to
August and P. nuda from March to June) and three
months in 2009 (C. seidelii flowered from May to
September and P. nuda from March to July). Apart
from June and July 2009, P. nuda had always more
flowers than C. seidelii. In 2008, the flowering peak
(number of flowers) of both species occurred in
April (134 flowers in P. nuda vs. 12 in C. seidelii),
whereas in 2009, P. nuda peaked in April (219
flowers) and C. seidelii in June (21 flowers). We
recorded visits from R. naevius, T. glaucopis and
P. ruber to both plant species when monitoring its
phenology. In addition to birds, C. seidelii was also
visited by bee species of Euglossini and Trigona
and P. nuda was visited by species of Trigona
bees and butterflies. We recorded hummingbird
movements between the two plant species during
field walks.

We recorded slightly more P. nuda stigmas
with heterospecific pollen (n = 38 out of 58
analyzed stigmas) than C. seidelii (n = 34 out of
62 analyzed stigmas). Among the analyzed P. nuda
stigmas, 66% had heterospecific pollen and 46%
had C. seidelii pollen. Regarding C. seidelii, 55%
of the stigmas had heterospecific pollen and only
24% of the total stigmas had P. nuda pollen. The
abundance of heterospecific grains deposited on
each species was similar in both studied species
(9.02 £ 21.16 on P. nuda vs. 5.21 £ 17.52 on C.
seidelii t, , =-1.07, p=0.29). When accounting
just the interference between these two species, P,
nuda had more C. seidelli pollen grains deposited on
its stigmas than the other way around (6.31 +17.32
on P, nuda vs. 1.05+2.84,t =-2.29,p=0.03).

(1,119)
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3. Pollen mixture experiment in

Nidularium innocentii

We found a difference in fruit set among
pollination treatments in Nidularium innocentii.
Fruit set was twice higher in intraspecific pollination
(17 fruits from 28 flowers - 60.7%) than it was in
pollen mixture pollination (11 fruits from 30 flowers
-36.7%). We found spontaneous self-pollination in
just 2 fruits from 35 flowers (5.7%) and the fruit
set under natural condition was lower (9 fruits from
34 flowers - 26.5%) than that in pollen mixture
pollination. There was a trend of higher seed set
in intraspecific pollination (869.5 mean seeds per
fruit, n = 14) than in other treatments. Seed set was
similar between pollen mixture pollination (n =4,
495 mean seeds per fruit) and natural conditions (n
=25, 581.72 mean seeds per fruit).

Discussion

Our results show that hummingbirds from
the Atlantic Forest community studied usually
transport pollen loads from more than one plant
species on their bodies. One pollen type usually
dominated the body site of the hummingbird where
it was deposited on. Moreover, pollen dominance
was not enough to prevent heterospecific pollen
deposition (HPD) as described in Psychotria nuda
and Canistropsis seidelii. We also found that HPD
had negative effect on Nidularium innocentii
reproduction by reducing its fruit and seed set. Next
items discusses each result in detail.

1. Transported pollen grains

The high amount of bromeliad pollen is a
consequence of the high prevalence of this family
as food source to hummingbirds in the Atlantic
Forest (Buzato et al. 2000; Machado & Semir
2006; Wolowski et al. 2013; Vizentin-Bugoni et
al. 2014), contrasting with other biomes such as
Cerrado or other tropical forests (Amaya-Marquez
et al. 2001; Borgella Jr. et al. 2001; Lasprilla
2003; Aratjo et al. 2013). For instance, pollen of
only two bromeliad species, among other 29 plant
species, were found on the body of hummingbirds
in Colombian Amazon (Lasprilla 2003). The high
number of bromeliads used by Ramphodon naevius
also reinforces the already indicated importance of
these plants as food sources to this bird (Buzato et
al. 2000; Machado & Semir 2006).

Great variation in the number of pollen
grains transported by each bird species and even
among individuals from the same species is a
trend already reported in Phaethornis pretrei
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(Phaethornithinae) from Cerrado (Aratjo 2010) and
in some hummingbird species from the Amazon
forest (Lasprilla 2003). This result draws attention
to the interindividual variation within a species,
fact that may potentially drive different individuals
from the same species to have contrasting roles in
plant reproduction. The interindividual differences
may also reflect different animal capture times
or different nectar-collecting behaviour by
hummingbird individuals. For instance, R. naevius
exhibits interindividual variation on foraging
behaviour and floral choices throughout the day
(Sazima et al. 1995). Therefore, captures from
early morning or from thieving behaviour should
cause animals to have less pollen onto their bodies.
The concentrated pollen deposition onto the birds’
top head, forehead and the superior base of the bill
is a trend corroborated by the herein presented
results. This pattern could reflect similar flower
morphology between the hummingbird-pollinated
species in this community (Bergamo ef al. in
prep.). Itis also expected due to the hummingbirds’
difficulties in cleaning the pollen deposited on these
parts (Lasprilla 2003; Aratijo 2010).

In two thirds of the captures, R. naevius
carried similar number of mixed pollen types as
already recorded in other long-billed species, such
as Phaethornis guy (6 pollen types, Borgella Jr. et
al. 2001) and P. pretrei (10 pollen types, Aratjo
2010). Moreover, it is worth mentioning that R.
naevius transported pollen from a single species
in 30% of the captures. This indication of floral
fidelity should be taken under consideration,
especially regarding the foraging behaviour of
this hummingbird species (Sazima et al. 1995).
Although it usually forages in trap-lines by visiting
different species, R. naevius spent certain amount of
time on an exclusive species, a pattern corroborated
by the herein presented results for the same locality
but using an independent and different source of
data. The pollen mixture dominance by one plant
species may reiterate the hummingbird habit of
choosing one main species and also getting some
nectar from others (Henderson et al. 2001) or may
just be a consequence of the resource abundance in
the area (Justino et al. 2011), an issue for further
studies.

This complex foraging behaviour exhibited by
R. naevius should strongly impact the reproductive
ecology of the plants it uses as food source.
Moreover, pollen grains were usually mixed onto
the same body part, suggesting that hummingbirds
use more than one nectar source and that HPD may

Fonseca, L.C.N. et al.

be widespread in this community. We therefore did
not find a strategy of different pollen placement on
hummingbird bodies as, previously reported on a
Cerrado community (Aratjo 2010). Therefore, it
indicates that in this community the facilitation
benefit of flowering together seems to compensate
the cost of HPD (Morales & Traveset 2008).
Moreover, the generalism of this pattern in
hummingbird-pollinated communities from the
Atlantic rainforest still needs to be tested.

2. HPD verification

Our results show large variation in Psychotria
nuda and Canistropsis seidelii total flowering
period between the two years observed. We
therefore, indicate different space-time scenarios
for HPD between this two particular species, a
result also supported by other studies (Almeida &
Alves 2000; Buzato et al. 2000; Castro & Aratjo
2004; Soares 2011). Despite the differences in the
total flowering periods, all the literature records P,
nuda flowering peak in April (Almeida & Alves
2000; Castro & Aratjo 2004; Soares 2011). Similar
to the herein found results from C. seidelii and P,
nuda, another study using three hummingbird-
pollinated species (Penstemon barbatus, Castilleja
integra and Ipomopsis aggregata) found similar
HPD level (respectively 49%, 64% and 57%)
(Brown & Kodric-Brown 1979). Hence, 50% HPD
is normally detrimental to plant reproduction and it
seems to be the cost of co-flowering, which should
be compensated by the benefits of flowering at
the same time (Ashman & Arceo-Gomez 2013).
Moreover, both species offered a similar amount of
sugar mass despite showing nectar with contrasting
volume and concentration indicating a similar
energetic gain for the visitors of the two species.

3. Pollen mixture experiment in

Nidularium innocentii

In the Nidularium innocentii pollination
experiment we showed that this species is
pollinator-dependent, since only one flower of the
autonomous self-pollination set a fruit. The fruit
set differed between intraspecific cross-pollination
and pollen mixture deposition, showing that HPD
probably works on the fruit set level. At this level,
it was previously reported that pre-zigotic barriers
are not good to prevent hybridization in bromeliads
(Vervaeke et al. 2001; Wendt et al. 2008). However,
the reproductive isolation seems to be corroborated
by the scarcity of hybrids under natural conditions,
which fits our findings (Vervaeke et al. 2001;
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Wendt et al. 2008). The trend of smaller seed set
under mixed pollen deposition was also reported
in herb species pollinated by bees, flies and beetles
(Galen & Gregory 1989; Brown & Mitchell 2001;
Moragues & Traveset 2005; Ashman & Arceo-
Goémez 2013). Meanwhile, it is worth to mention
that HPD is not always a problem for plant
reproduction, depending on its magnitude and the
plant species attributes (Morales & Traveset 2008).

Conclusion

In the studied community, Atlantic Forest
hummingbirds tend to transport more than one
pollen type on their bodies, they actually transfer
this pollen among species and the transference
has negative impact on seed set for at least one
species. Hummingbird-plant communities in the
Atlantic Rainforest show remarkable similarities
in temporal organization, interaction pattern and
in hummingbird and plant attributes (Sazima et
al. 1996; Buzato et al. 2000; Rocca-de-Andrade
2006; Vizentin-Bugoni et al. 2014). This suggests
that HPD may be a widespread phenomena in
these communities, a trend to be confirmed with
future studies. Among the pollen carried by
hummingbirds, one was usually dominant and this
fact should reduce the interference among species.
Moreover, competition and facilitation through
shared pollinators may be treated as a continuum,
rather than two exclusive categories (Sargent
& Ackerly 2008). Thus, several hummingbird-
pollinated species co-occurring in the Atlantic
rainforest show differences in flowering phenology
and morphology, fact that make them unique to test
the prevalence of this process (Machado & Semir
2006; Vizentin-Bugoni et al. 2014). Associated
with measurements of fitness, future studies may
help understanding the outcomes regarding plant
interference when sharing pollinators (Wolowski
etal . 2013).
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